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In planning this helpful series of Educators, it has been the 
aim of the author and publishers to present step by step a 
logical flan of study in General Engineering Practice, taking 
the middle groxmd in making the information readily available and 
showing by text, illustration, question and answer, and calcula- 
tion, the theories, fundamentals and modem applications, includ- 
ing construction in an Interesting and easily understandabfo 

Jorm. 

Where the question and answer form is used, the plan has 
been to give shorty simple and direct answers, limited to one 
paragraph, thus simplifying the more complex matter. 

In order to have adequate space for the presentation of the 
important matter and not to divert the attention of the reader* 
descriptions of machineji have been excluded from the main 
text, being printed in smaller type under the illustrations. 

Leonardo Da Vinci once said: 

"Those who give themselves to ready and rapid practice 
before they have learned the theory, resemble sailors who go 
to sea in a vessel without a rudder" 

— in other words, **a litite knowledge is a dangerous thing.** 
Accordingly the author has endeavored to give as much infor* 
fnation as possible in the space allotted to each subject. 

The author is indebted to the various manufacturers for 
their co-operation in furnishing cuts and information relat- 
ing to theu: products. 

These books will speak for themselves and will find their 
place in the great field of Engineering. 
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CHAPTER 37 
LOCOMOTIVES 



The first locomotive built in this cxnmtry was designed and 
constructed by Peter Cooper, in 1829, and in the following 
year was successfully run on the Baltimore and Ohio Railroad. 



niilraad. and tried on the road November 23. 1S32. ' 

wheel»,54in8.;liDntwbeeb,45iil3.;cylinilerB,e>iXlS.. ._ -,, ... 

c<q>per tubes. The valve motioD had at tint looie eccentrics, which were lat«r replaced by 
fined eccentrics. According to the account of the trial trip aa given in The Philadelphia 
ChromcLe^ "the placing fire in the ItiniBce and raiaui^ atcam occupied 30 minutee, and Uie 
eDgine (with ber tender) moved from the depot in b^utilul style, working with great ease 
and UDiionnity." 

This eneine was only a, worldiig model, and not intended for permanent 
service. It had only one cylinder, Z% inches in diameter, and weighed 
less than one ton. A speed of eighteen miles an hour was obtained with 
Peter Cooper as engineer and a load of forty passengers. 
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The DeWitt Clinton, built at West Point in 1831, tor the Mohawk and 
Hudson Railroad, weighed three and one-half ton& and was fitted with 
6J^ X 16 inch cylinders and 54 inch drivers. The Doiler was of the hori- 
■ontal type. 

The first locomotive built by Matthias and Baldwin, of Philadelphia, 
was "Old Ironsides," as shown m fig. I,84S; it was constructed in 1832 for 
the Philadelphia and Gennantown Railroad. This engine was fitted with 
the hook motion valve gear, which was generally used many years after the 
invention of the shifting ImV. The latter became the standard for loco- 
motives about 1856, and its adoption marks a dividing line between tha 
present and early transitional stages of locomotive practice. 



Pic 1348.— Hedley's "Puffing Baiy," first locornotive uied cammercially m hauling ti 
This sngiDe, which va buiit in IS13, had a return flue boiler, which piDvidcd all ths ■(( 
nqaiied. This form of boiler which had been used by Trevithiek and Hedley nmde .- . 
piBctical Bucceas. It was the best form of boUer used until Robert St^henson applied thi 



■tubular boiler to the "Rocket" in 1829. The "PufKng Biily" had a furnace eitendlng 
half way into the boiler and h Sue leading to an up-take. from which the gases of com- 
iD passed thrsush a return flug to the amokestack. The fiiemaa did bis woA at ths 

__, J _f -.1- i_.i._ [uid the engineer sat in fiont on a wooden seat held by four m>- 

. an of wood, quite labstantial in form and rest upon the aitea 
pnngs. The four wheels are connected by inside ffeaiing. and 
uic uiuuuu 19 uiuiiuuLicu ui ■ geaT wbecl opoD a separata aile. The tank is an (dilong iron 
boi, set behind the coal spnce- 

The Modem Locomotive. — In present day construction, 
the locomotive consists of a horizontal boiler and two engines 
attached to a frame, which, in ttirn. is supported by suitable 
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running gear, a tender being coupled behind to cany a supply of 
fuel and water. 

The weight of the engine does not rest directly upon the axle bearings, 
but is carried by several springs, thtis forming a cushion to protect um 
heavy parts from too much vibration and jar, due to unevenness of the 
road. A system of equalizing levers so distributes the weight that the wheels 
are always kept in contact with the rails, no matter how uneven the track. 

Motion is transmitted to the driving wheels by means of the same 
reciprocating parts as on any other engine; the cylinders, which are usu£dlv 
two in number, are cast separate, eadi with one-half of the saddle whidb 
carries the front end of the Doiler, and to whidi the frame is attached. . 




Fig. 1.847 — ^Type of variable cut off generally used by Baldwin in 1853. It consisted of the 
familiar Gonzenback valve in a separate chest and worked by an independent eccentric 
and rock shaft. The upper area of the rock shaft was curved so as to form a radius arm 
on which a sliding; block, forming the termination of the upper valve rod, could be adjusted 
and held at varying distances from the axis, thus pxpducing a variable travel of the upper 
valve. Tbis device did not give a perfect cut off, as it was not operative in backward gear, 
tmt when running forward it would cut off with ^reat accuracy at any point of the stroke. 
It was quick in its movement, and economical m the consumption of fuel. ^ After a short 
experience wi^ this arrangement, the partition plate was omitted and the riding cut off sub- 
stituted. 



The boiler is attached directly to the frame at the fire box, there being 
intermediate supports between the frame and the boiler, their number 
depending upon the length and type of the locomotive, thus making prao* 
tically one piece of boiler, cylinders, and frame. 

In locomotives having more than one set of driving wheels, the different 
pairs are connected by means of driving rods, so that all may receive their 
due share of the rotary motion, induced by the connecting rods. 

Besides the driving wheels, there is usually a four wheel truck pivoted 
to the forward end of the frame, which permits the wheels to follow the 
track arotmd cvuves of short radii. 

Steam is transmitted to the cylinders by means of a pipe which runs along 
in the steam space of the boiler to the smoke box, where it branches ofif to 
eadi side to the cylinders. 
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The throttle valve is inside the boiler, and is operated by means of a rod 
passing through the stuffing box in the boiler head and connected with a 
lever in the cab. 

The exhaust steam from the cylinders passes through exhaust nozzles 
up the stadk,'thus producing a blast which maintains a strong draft not- 
withstanding the low stack. 

A brake is located between the driving wheels. In starting, the wheels 
sometimes slip, especially if the track be wet; to prevent this a sand box is 
arranged on top, from which sand is fed to the track in front of the drivers, 
by means of a sand valve operated by a rod and lever in the cab. 

A so called cow catcher, consisting of numerous wood or metal members 
radiating from a transverse bar at the front end of the frame to a V shaped 
section just above the rails, serves to clear the track of any obstruction, 
such as cattle, etc. 

Classification.^The varied conditions of railroad service 
give rise to numerous types of locomotives; they may be classi- 
fied in two general divisions: 1, with respect to the steam features, 
and 2, the running gear or wheel arrangement. Under the first 
division, locomotives are classed as: 

1. Simple, 

2. Compound, 

according as the steam is expanded in one or two stages. 

The second division, which is based on the kind of service, as 
passenger, freight, switching, etc., naturally includes all types. 

The constant increase in the length of trains, speed, etc., has 
given rise to numerous types of locomotives, as tabulated in 
figs. 1,848 to 1,888. 

The classification here given is that adopted by the American Locomotive 
Company and is based on the representation by numerals of the number 
and arrangement of the wheels commencing at the front. Thus, a Mogul 
locomotive with a two wheel leading truck, six driving wheels and no 
trailing truck, would be classified as a 260 type. 

The total weight is expressed in pounds -r- 1,000. For example, an 
Atlantic Ipcomotive weighing 176,000 pounds would be classified as a 
442-176 type. If the engine be compoimd, the letter C, should be sub- 
stituted for the dash; thus, 442 C 176 type. If tanks be used in place of 
a separate tender, the letter T, should be used in place of the dash. Thus a 



LOCOMOTIVES 



f 



I 'I 

! I 

I i 

i i 



LOCOMOTIVES 957 



double end suburban locomotive with two wheeled leading truck, six 
drivers and six wheeled rear truck, weighing 214,000 pounds, would be 
a 266 T 214 type. 

When locomotive builders started work, they used as few wheels as 
possible. The first engines had one pair of drivers to make the engine move, 
and one pair of carrying wheels to keep it on the track. The boilers were 
built as small as possible to do the work, and were placed between the 
wheels. Only about one-half of the weight was available for adhesion. 

Mr. Baldwin's first engine, the Old Ironsides (fig. 1,845), had the fire 
box placed back of the driving axle. In subsequent engines, however, 
the nre box was located ahead of the driving axle. Mr. Norris, in order 



Fig. 1,891 • — Gauge of track. This term means the distance between the inside edges of the 
heads of the rails* as indicated in the cut. The distance over the wheel flanges represent 
the gauge less the amount of play or clearance between the flange and rail. When deciding 
upon the gauge for a contemplated road, the following suggestions will be found 
helpful: If the line is to connect with any standard gauge road, the track should correspond 
and be of the standard broad gauge, which is four feet eight and one-half inches. If such 
connection be unlikely and narrow gauge is considered preferable, the standard narrow gauge 
should be adopted, which is three feet. The advantage of adopting one of these standard 
gauges is that, should it be desirable at any time to seU the equipment, a, ready market can 
be found. For logging railroads the standard gauge of 4 f tw 8 W^ins. is generally preferable , as 
the cars then can have long oolsters and can be heavily loaded without piling the logs too Ugh. 
While some roads use the same gauge in curves as on tangents it is desirable in order to insure 
easy riding and reduce wear to widen the gauge in the curves. According to Trautwine, 
the gauge is usually widened by from V^ to H i>u* for each degree of curvature, the maximum 
amount seldom exceeding one inch. 

to obtain more adhesion, placed the fire box so it would overhang back 
of the driving axle, which provai of decided advantage in locomotives 
with a single pair of driving wheels by increasing the i)roportion of weight 
on the drivers, and so, by obtaining increased adhesion, it was possible 
to haul more cars without increasing the total weight of the engine. 

An important step was the introduction of the four-wheel truck, which 
enabled the engine to curve oetter and be easier on the track. 

Later on, to meet the need of greater adhesion, an additional pair of 
driving wheels was placed behind the fire box and the lengtli of the fire 
box was increased as much as possible without unduly lengthening the 
wheel base. This resulted in the American type locomotive, fig. 1,889. 

Another constructive engineer conceived the idea of increasing the 
number of driving wheels to add to the proportion of weight available for 
adhesion, and moved the truck forward sufficiently to make room for 
another pair of driving wheels as shown in fig. 1,890. 
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Another one con- 
cluded that it was un- 
necessary to carry so 
much dead weight on 
the truck and proposed 

wheeled truck placed 
forward ot the cylin- 
ders for the tour- 
wheeled truck pre- 
viously used. By this 
means the proportion 
ot weight on the driv- 
ing wheels was in- 
creased from about 
seventy per cent to 
eighty five per cent, or 
even more. The first 
Mojrunocomative was 
thus devel&ped from a, 
•-"-"'- -■-' "ash- 
In 

tives of this type the 
driving wheels were 
grouped closer to the 
cyUnders, in order to 
carry a greater pro- 



The next step in the 
development of the 
heavy freight locomo- 
tive was the addition 
of a fourth pair of 
driving wheels to this 
troe, thus forming the 
Consolidation type, 
fig. 1,893. Previousto 
this, eight coupled loco- 
motives, with all the 
weight on the driving 
wheels, had been in 
service. In this type 
Mr. Baldwin placed 
the first and second 
pairs of drivers in a 
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flexible beam truck, which pennitKsd 
the locomotivea to tra,veTse sharper 
curves than was possible where the 
drivers were fixed in a rigid whed 
base. This arrangement necessitated 
placing the cylinders on an angle in 
the sides of the smoke box. An idea 
was then advanced to design freight 
locomotives with five pairs of 
drivers coupled together (fig. 1,895). 
This type is known as the Decapod. 
In operation, it was found that 
engines of this class could be run 
forward around curves without 
trouble, but in backward motion 
the rear driving wheels, instead of 
following the curve, would often 
turn the rail. To remedy this, a 
two wheeled trailing truck was 
introduced, giving rise to the Santa 
Fe tupe, (fig. 1,896), and the 
Mikmio type {Sg. 1,897). 

Anatole Mallet, a" Frenchman, 
who for years had endeavored to 
bring out a successful compound 
locomotive, built, in 1888, an 
Articulated engine, later de- 
veloped as shown in fig. 1,898. 

"For many years the passenger 
service of the American roads was 
mainly handled by the American 
type locomotive (fig, 1,889). The 
Atlantic type, (fig. 1,899); was 
afterwards developed in order to 

frovide a large fire box, and the 
aciKc type, (fig. 1.901), have also 
been introduced for heavy passei^er 



A modified form of the Pacific 
type is the Prairie type (fig. 1 ,900), 
which has only one jMiir of Iwding 
wheels, so as to bring a greater 
proportion of the weight on the 
drivers and thus 
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■ in order that, with com- 
paratively small cylin- 
ders, the locomotive 
may develop consider- 
able power. These con- 
ditions make it necessary 
to sacrifice economy for 
large capacity, hence 
intense combustion is 
necessary under forced 
draught; in other words, 
a large quantity of coal 
must be burned on a fire 
grate of limited area. 
To utilize advantage- 
ously the heat thus 
generated, a large heat- 
ing surface is .necessary. 
This is provided by 
passing the products of 
combustion through very 
many small tubes. 

Forced draught is ob- 
tained by discharging 
the exhaust steam from 
the cylinders into the 
smoke stack. The ex- 
haust pipes connect di- 
rectly beneath the stack 
with a vertical blast pipe, 
which has at its 
upper end an exhaust 
nozzle. The latter is 
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sometimes made 
adjustable so 
that its area 
may be varied 
to regulate the- 
draught. In 
some cases there • 
are separate 
blast pipes for 
each cylinder. 

A standard 
form of loco- 
motive boiler is 
shown in fig. 
1,903. It in- 
cludes three 
principal parts: 
. 1, a fire box A, 
which is sur- 
rounded by 
water, 2, a shell 
B, attached to 
the fire box at 
one end, and to 
3, a smoke box 
at the other 

"1 5 * . b * 

£f .11 * 8^ 

Wt^ I ^H% ber of tubes oon- 
*.^-t£ E S|| nect the fire box 

£ box, through 
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The tubes, which are ordinarily two inches in diameter, are expanded 
into holes drilled in the two sheets. 

Above thefi re bos is a vertical cylindrical chamber called the steam dome, 
having attached on top, the safety valve and whistle W. Inaide is the 
throttle valve T, attadied to an elbow on the main steam pipe. The 
latter runs forward throiigh the forward tube sheet, and branches down- 
ward to the cylinders. 

The exhaust pipe d, and the nozzle e, are seen directly below the smoke 
slack D. 



fia. Ij004. — Pour coupled with two whc 

answef. Theu locomotives have theii 
OBnter bearing, witli swinging bolster 
urtuel baae and a ahort rigid wheel basf 

M the back; the water ia carried either 

Uie tank be placed on the boiler, ita w 

bS^med*™!?* T*™ " ° 
Icvera between the 
The pony trudt ca 

the draught through the upper tubes. A wire netting or spark arrester 
J, is provided, through which the smoke and gases must pass before entering 
the smoke stack. 

At the end of the smoke box is a door R, giving access to the interior for 
cleaning. Any accumulation of cinders is swept through the opening P. 
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The figure shows the cylin- 
ders and saddle to which the 
forward end of the boiier is 
attached. 



The problem of adapt- 
ing the locomotive boiler 
to different kinds and 
grades of coal, and of over- 
coming structural 'defects, 
has caused changes in 
boiler design from time to 
time, altering considerably, 
in some cases, the form and 
center of gravity. Boilers 
may be classified 

1. According to their 
shape, as: 

a Stra^ht top; 

b Wagon top; 

c Extended wagon top; 

d Turtle back. 

2. With respect to the 
type of fire box, as : 

a Narrow fire box; 



LOCOMOTIVES 
h. Wide fire box; 



d. Wootten; 

e. Corrugated furnace. 



The wagon top boiler has a steam dome over the fire box and a conical 
□r sloping com^e of plates next to the fire box and taperii^ down to the 
cylindrical courses. 



Wliere the . 

tbe Bides of the boUer. Under other 
it affords a ffreaCer supply of fuel an< 

be made. lo the heavier classes for „_^ 

avoids raising the center of gravity of the locomotive. 



The extended wagon top boiler has a shell made up of one or more 
cylindrical courses of reduced diameter, adjacent to the smoke box. The 
object of the cylindrical course next to the fire box is to provide a place 
for the steam dome in front of the fire box, and thus do away with a crown 
bar staying over the crown sheet as is accessary in the wagon top boiler. 
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A narrow Rre box boiler has a deep fire box narrow enough to extend 
down between the frames; this type is suited to bituminous coal, or an- 
thracite of good quality. The restricted grate area precludes the use of 
coal of low grade, except for light service. 

A wide fire box boiler has a wide shallow fire box resting on the frames 
and extending out beyond them at the sides. The increased grate area 
thus obtained adapts the boiler to heavy service, or to the burning of poorer 
grades of coal thsjk is permissible with the narrow fire box. The wide fire 
box boiler is in gener^ use on locomotives of the Prairie, Pacific, Mikado 
and Santa Pe types. 

A Belpaire boiler has a fire box with a flat crown sheet joining the 
side sheets by a curve of short radius, and having tJie outside crown sheet 




has. 1,907 and 1,908. — Loneitudms 
fliuet and aides itayed witb paral] 



and the upper part of the outer side sheets fiat and parallel to those of the 
inner fire box. These flat parallel plates are stayed with direct vertical, 
and transverse horizontal stays, obviating the necessity of crown bars to 
support and strengthen the crown sheet. 

A Wootten boiler has a fire box very wide and shallow, and a curved 
crown sheet of large radius, being designed to bum a poor grade of coal 
or fine culm from the anthracite region. This type was developed in 1877, 
many being put in service and continue to be used. On account of the 
space required for the fire box, the cab is placed forward, with the steam dome 
in the cab ; in some cases the dome is placed forward or back of the cab. 
Formerly the top sheet over crown was sloped down to the back end. In 
later construction, this sheet was carried back straight, thus [niividing a 
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larger water and steam upace over the crown sheet, the top sheet from 
top radius to bend at the sides being flat. This type of boiler provides the 
most liberal grate area, hence it is suited to burning the poorest grades of 

A corrugated furnace boiler has a fire box consisting of a lai^o cylin- 
drical flue which is channeled or cotrugated circumferentially, thus adding 
to its strength, and providing for expansion and contraction. The furnace 
is identical with that of the Scotch marine boiler with a somewhat larger 
diameter; it was first applied to German and Austrian locomotives by 
IwCntz, and later to American locomotives by Vanderbilt. Undue prom- 
inence has been given these names, especiafiy the latter, which seemed 



unwarranted, as the corrugated furnace boiler is not an invention, simply 
a. new application of a type of furnace which was in use many years before 



Fig. 1.90fi.'-CiD» Section through fire box of WcwCten boiler. Wlieie fine anthracite coal 
need not,' hnwever. be aa deep. The Wootlen fire boi, as shown, is very wide and very 
The fire bQ> cnn, thereft^ be made as Se aa*^e*cleajance apal:o of the "roadway 'will 

beit^ applied to the locomotive. The absence of stays is the chief ad- 
vantage gained, but the grate being Umited to rather small area, necessarily, 
restricts the boiler to the better grade of coal. 

Grate Area and Heating Surface. — A locomotive boiler 
differs from a stationary or marine boiler in that it is necessarily 
of smaller relative proportions for the same duty. This neces- 
sitates burning a larger amount of fuel and generating a greater 
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supply of steam in a given time in proportion to its size. To 
do this, means must be resorted to for increasing the rate of 
combustion, and steam of high pressure must be carried. 

The grate upon which the fuel is biuned is placed at the 
bottom of the fire box. The form of the grate and the dimension 
of the air spaces vary with the fuel used. 



«!. It coiuisla of a ecntnl btr 

-_ g ait spaces. The Bnt« oa 

iw^rdly projecting armB of the sevenl ban. 
I'ui <iuiiiii.ii|i luc Ki.^iuiiii 111 I.U111CU Lu ixj uu^maid position. At the frsnt end of the filc boi 
there is uAuidl>' an independent ffrate conaatine of a perforated ^t plate. This can be opex^ 
ated Beparfltely from the remainder of the B^ate- It ia used when it is deaired to cleui 
the lire without dumping the whole. This plate is opened and the i:1inlieTs contMiwd in 
the bed of coals can ^pushed through the openins, thus formed, into the ash pan ben— t h. 



In practice about 50 to 75 sq. ft. of heating surface are provided per sq. ft. 
of grate, the proportion of heating surface to grate area- being governed 
largely by the kind of fuel med and operating conditions. 

Anthracite coal and the poorer qualities of fuel require larger grates than 
good bitiuninoua coal or wood. It is, however, quite certain that the larger 
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the boiler, and the greater its heating surface in proportion to the steam 
it must generate, other things being equal, the more economical will it bt 
in its consumption of fuel, or, in other words, the more water will it evaporate 
per poimd of coal. 

The Smoke Box. — ^This is a chamber located at the forward 
end of the boiler into which the gases of combustion enter from 
the tubes and pass out through the smoke stack placed on top. 
The smoke box contains the exhaust pipe, exhaust nozzle, 
netting, diaphragm plate, cinder trap and the super-heater on 
engines fitted with the latter device. 






, '# PLAIN O BARS 9^ 

Oa O* O. O* 

WATER TUBES 





Figs. 1,013 and 1,014.— Oross section and end view of combination bar and water grate for an- 
thracite coal. The water section of the grate is formed of tubes exi>anded into ferrules 
in the back sheets of the fire box. Ijie^r are inclined to insure circulation ol water. 
The back sheet is tapped for plugs to permit inserting, expanding and cleaning the tubes as 
well as affording means for removal for replacement when necessary^. Grates made entirely 
of water tubes are rarely used. The water tubes A, fig. 1,914, bemg spaced some distance 
apart and between them plain bars B, being passed uirough tubes expanded into the sheets. 
ay turning or removing uie bars, the fire may be shaken or dtmiped. 

In Operation the gases strike upon the diaphragm plate G, 
fig. 1,915 and are deflected downward, and then turn up and pass 
through the netting F, and out at the stack which is located 
directly above the exhaust nozzle E, The figure shows the 
various details of construction. 



The Dry Pipe and Throttle Valve. — The dry pipe is provided 
to carry dry steam to the cylinders, the steam entering the pipe 
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Pio. I,ai6.— Int 



no££Jes: a, stocK; ^ Boa u, aenecion: Cris, wire nettuis: r , maoDaic; \3, umu 
r; H and I. lUding door beU crank; JK. betl crank roda; L, slide; P. clesiuiig pi 




iron cone chaped deflector, against which the : ~ 



Fig. l.eie. plain cylindrical stack, 

— the aiiafline of which there is 

cinders strike, which act causes 

Below the cc 



very wide double cone top surrounding a central cylindrical pipCh a cone deflector, and a 
central wire netlinff. The space around tke central pipe serves as a reuptacle for cinders and 
is supplied with ahandhole through which they may be removed. The naroea of the parti 
are given m the fieurea. 
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at the throttle valve in the dome as shown in fig. 1,919. It will 
be found that after the throttle is opened the water in the boiler 
has raised one gauge or more. This is caused by the release of 



sealed po^Vflt type. The upper va1v« a,ia thi 
that it will juat pass thmugh the upper seat. 

The valv 
tleyaWes 



tendency is to hold the valve closed. The valveis, therefore, partially balanced, itia, 
usually diSicult to open laif^e throttle valves, such aa are new used on locoir 



tiie throttle iever before the valve can be started from iu seat. The leveraae 
IBS shown obviate this difficulty. The rod c. connects with the lever in the c5j 



d with a sl< 



. At the start the length 
ties. After the valve has 
essure on a, the projecting horn A , on 
iracket B, on the side of the throttle 
»ted lines in the figure. The end of 
short arm of the lever ia changed to 
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pressure on the liberating surface, which in turn causes rapid 
ebullition or boiling of the water. 

The action is such that more or less spray or moisture is* pro- 
jected above the liberating surface, hence, by locating the 
throttle valve in the top of the steam dome, steam is obtained 
as near dry as possible. 

The Boiler Attachments. — ^There are a number of devices 
and fittings that must be used on a locomotive boiler for its 
proper and safe working. Most of these are common with those 
on other types of boilers and consist of water gauge, gauge cocks, 
steam gauge, throttle, injectors, blower, sand valve and pipes, 
bell, whistle, lights, etc. 

In addition the air brake and its control devices are also 
mounted on the boiler and which are later described in detail. 

The "pop" type of safety valve is used. 

This valve is so constructed that after opening at the predetermined 
pressure it blows until the pressure of the steam is reduced, one or more 
pounds, in order to prevent the continual opening and closing or "vibrating 
of the valve when tne steam is at the blow off pressure. 



»f 



Formerly direct connected feed ptmips were used, but because 
of their inaccessible location while in operation and the high 
rotative speed of locomotives, they have been replaced b}'- 
injectors. 

Two injectors being used, one on each side of the boiler usually in the cab, 
but in some cases in front of the cab. In locomotives of later design, reflex 
water gauges are provided in addition to the three gauge cocks for ascer- 
taining the water level in the boiler. 

The sand box is usually a cylindrical receptacle which is made 
of sheet iron with a cast iron baise and top. 

It is generally placed on top of the boiler and is intended to cany a suppl3r 
of dry sand, which is scattered on the rails in front of the drivmg wheels 



LOCOMOTIVES 

when the latter a: 



At the nppor end and iotide til* uedboi they each Iut* a vilva which li opentcdbva 
lever coim«tcd to theolfa tn & rodio that the loconiotive nmner cut opeaoi doe the valy* 






rp through which tiie luid u 
nin and dirt bom iba uod. 



•ttpplicd to th* 



Fig. 1,9!D. — Totcricir view ot cab ihowsiB boiler attuhDiaiti of Baldwin, Santa F* twp» 
{1-6-3} loconiDtin. Cylinder! 17^ Msd 39X28; heating euifaca 8,176 iq. ft.; n^wrheatat 
beatins •mfuK SIB iq. ft.; srsta area S8 eq. ft.; diameter driven 73': woclbnc prewura 
210 lb*.; fnel xrft ml; irtueerban: engine W 1'; toU 70' iM'- 
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The Cylinders and Valve Gear. — ^The design of the cylinders 

vary with different boilers, but are cast separate and so con- 
structed that they -will fit on either side, that is, they are neither 
rights nor lefts. Each cylinder casting comprises three parts: 

1. The cylinder; 

2. Steam chest; 

3. Half saddle. 



Fro. 1,924,— SectionAl view tbroush valve porta and valve chest shoTing piston valve of tho 

Tfie slide valve has long been the regular type used, but the 
gradual increase in boiler oressure, has resulted in the use of 
piston valves. 

In the slide valve type, the steam chest is on top of the cylinder and the 
valve seat in most locomotives is a separate piece bolted to the cylinder 
casting thus permitting removal when worn out. 

Some engines have the seat cast with the cylinder and when worn down 
have the separate or false seat attached. 

Figs. 1,921 to 1,923, show a plan and sectional views of a cylinder castme 
and methiad of boltii^ it to the frame, the latter being seen at 1 in fig. 1 ,922. 
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Piston and Piston Rod. — There are numerous types of 
pistons. One of the most usual designs consists of a spider and 
a follower plate. The spider consists of a hub and radial arms, 
the follower plate being bolted to the spider. 
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The built up piston is provided with rings which are carried 
by a T ring. The piston is usually attached to the rod by a key. 

The Guides and Cross Head. — Niunerous types of guides 
are used, and they may be divided with respect to the number 
and construction into several classes, as 



Pic. 1,S27. — Slimer type cma head for laiao freight locomotive. In eoiutructlon, the bfass 
■hoe» made hoUov to lave weight, unites between two ban imd ia held to the body by tid^tly 
fitted through bottt. Tlie flanges whicb unite the iIhm to the body ol the cmasheEid ueUned 
with thin b^sa plates riveted. The main bearing surface on the top of the shoe 19 composite, 
sh^ow pockets ore drilled jn the brass and £lled with babbitt metal. 



NOTE. — Diameter or pUton, — Siace the length of stroke is usually fixed to harmoniie 
with the arrangement and diameter of the driving wheels, the determinatioii of the size of the 
cylinder usuhI^ oonsiiia in h calculation of the diameter. la order to make the calculatioo 



BT of the driving wheels, tiie weight on the driviog whe^, the boiler- pressure 
of the piston miiat be knoivn. With this data the diameter of the cyunder ct 
by the following foimula^ 

, * wxc 



< 3.1418 .218 W X D 

_- p xs 

in which A ■• ana of each piston in square inches; W - weight on driving wh(«l«i C -eirewn- 
ferencjB of driving »heel«-3.I41fl D; D- diameter of driving wheels in inches; P-boiler 
pressure in pounds per square inch; S -"Stroke of piston in inches. Example. — Take an engirw 
tn which the weight on Uie dnvingwheels is 95.000 pounds; the diameter of the driving whet^ 
is 02 inches; the boiler pres9ur« 180 pounds per square Inch and Hie piston stroke is 24 inchci. 
The last formula then beconwi; 

. . .218 X 9B.00Q X BZ , 



>f the cylioder should b 



■J 
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1. One bar; 3. Three bw, in one piece; 

2. Two bar; 4. Four bar. 

These various types are shown in the accompanying illustra- 









nd CT?,M2 a"d U^^l lh%l 


rosa head. Figs. 1 ,930 an 
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Connecting and Coupling Rods. — These are made of steel 
because the reduced weight thus possible reduces the inertia 
effect which at high speed is considerable and brings severe 
stresses on the rails and crank pins. 

Figs. 1,936 and 1,937 show two arrangements of rods. Formerly pro- 
vision was made to take up wear in the coupling rods, but later designs as 
in figs. 1,938 and 1,939 have no means for adjustment. 



CONNECTING «00 




COUPLING ROD 




jBm) 



MAIN ROO 







COUPLING ROO 



Pigs. 1,936 and 1,937. — Connecting and coupling rods. Fig. 1,936, outside connected; fig. 1,937 
inside connected. 




Pig 1,938 and 1,939. — Non-adjustable coupling rod. The bearings consist of bushings which 
are pressed into position and sometimes held from turning by a set screw. These brasses 
when worn are replaced by new ones bored to fit the pins. 



The Valiae Gear. — Formerly the so called Stephenson link 
motion was universally used on locomotives, but is being dis- 
placed by the Walschaerts valve gear. The reason for this is 
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becatise the size and arrangements of parts in a modem loco- 
motive make it difficult for the engineer to properly examine 
the eccentrics and link when the engine is on the road, and 
breakdowns are more frequent on this account. The conditions 
of service also tend to make it more and more difficult for 
engineers to give the close inspection and care which is demanded 
in other branches of engineering service with high speed 
machines. 

The familiar link motion has been explained at such length in 
Chapter 10 on radial valve gears that hardly any further 



mention is nec«ssary, except to show the general arrangement 
of parts, as in fig. 1,940, adapting the gear to locomotives. 

The Walschaerts valve gear requires only one eccentric, or 
its equivalent, for each cylinder, to insure the movement of the 
valve, and the proper distribution of the steam for both forward 
and backward motion. While it is not possible to adjust the 
valve as readily with the Walschaerts gear as with the shifting 
link, for the reason that the parts and connections are not as 
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susceptible to change, 
it is not as liable to 
become disarranged, 
and if correctly d«- 
signed and fitted will 
give accurate results. 

The eccentric is se-' 
cured to the driving axle 
either directly or by a 
return crank from one 
of tile crank pins. 

The _position of the 
eccentnc or crank is 
. such as to give the prop- 
er valve travel, the 
throw correspondiDB 
with the movement cS 
the valve irrespective of 
its lap and lead, the 
angular advance of the 
eccentric being 0°. 

The link is of any 
convenient form and is 
usually pivoted to a 
support on the engine 



The 

and there is no chance 

for twisting strains. 

The link is actuated 
by Uie eccentric rod 
which is commonly at- 
tached to its lower ex- 
tremity. 

The sliding block in 
the link is secured to one 
end of the radius rod. 
The raising or lowering 
of this rod by means cS 
the reverang shaft shifts 
the block from one end 
of the link to the 
other above or below 
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pivoted c 

movement of the valve with relation 
to that of the eccentric. 

The end of the radius rod opposite 

- the link is attached to a combining 

■S iever, the function of which is to give 

3 the required amount of lead to the 

" valve. The lower end of this lever is 

% connected to and travels with the cross 

b head, while to the upper end is secured 

S tjoth the valve rod and the radius rod, 

^ one being idaced abpve the other. The 

> point at which the radius rod is attach- 
^ ed to the combining lever becomes a 
J fiilcnun. The relative movement of 
^ the two ends of the lever must be such, 
^ that the full stroke of the cross bead 
£ imparted to the lower end of the lever 
I will give a movement of the upper end 
I equivalent to twice the sum of the re- 
g quired lap and lead. 

J Under ordinary conditions with 

B steam chest valves having outside ad- 

" mission.'the connection or fulcrum be- 

■i tween the radius rod and the combining 

° lever is placed below the valve rod con- 

.1 nection. With valves having inside 

1 admission, this fulcrum is usually 

g placed above the valve rod connection, 

■? The link should have a radius 

5 equal to the lenj^h of the radius rod. 

* If this be so it will be seen that when 

S the engine is on the dead center the 

" link block can be moved from end to 

S, end of the link without altering the 

> position of the valve with relation to 

5 the ports and the lead will be constant. 

.a As any variation in the length or 

.| relative position of the link, the radius 

6 rod, and the combining lever or its 
I connections, will necessarily change the 

5 resulting movement of the valve; it is 

2- essentia!, Qrst, that the motion shall 

^ be correctly designed and plotted, and 

S: second, that the detail parts shall be 
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th« lead, 




BuffiQientl> 


■ to overtSme its lap. 


ES."?..- 


mount of lead in both 


back positions. The ec- . 


centric th, 


row contTob the tiavd 


andreven 




bei«nCb> 




the ecc«nl 


;iic. without the ciosa 


b«d moti 




v«lvB ceo 


trally over the porta 


when the piston ii at the eitrmu 


enCoftbe 


stroke. The combined 


effect of these two motiona, when 


the parts 


'" ?,^'''' d*8Woed^ 


Kiv«ithe 


the VBlve. 


simitar to that obtained 


by then. 


e of a stationary link. 


To rttmti 


le the engine, the link 




oved from end to end of 


the link, instead of moving the link 


on the blocli. This operation is 


accomplished by means of i. revets 


sing shaft 


connected with a «ver- 


ting leva 




of th« WelK^hiertagear shoiild be 


comctty laid out and constnicted 


from a diagram, as the pToportiooa 


cannot be 


altered without senous- 


\y affecting the eorroot working of 


tiie device 
ofviriatio 


n]?'^SS?s'Se"^'S! 



centric. When the engine is as- 
sembled, the throw of the eccentric 
should be checked up by the apeci- 

at once reported in order that the 

correcting 4e potion of^t^ ec- 
centric , or by a change in the de- 
sign of the other parts to com- 
pensate for the error. In ease of 
accident, if any of the mds or con- 
nections bo bmken It is advisable 
if possible to disconnect the ec- 
centric rod. The combining lever 
should be uncoupled from the 



LOCOMOTIVES 



ir of high and low 



type is B by pass valve , which is opened 

and from thence to the low pressure 
cyhnder. The proper use of this valve 



"XSt, 



the mild enha . . . _ 

the erkgine full stroke^ hence in ascending srodes, the reverse lever can be dro[^ed forward 
thus keeping up the speed without injury to the fire. If the enjino be so heavily loaded 
tbat the speed drops to five miles per hour, and there is danger of BtalUnB, the st&rEing valve 
may be opened in order to Iceep the train moving; but this valve should be dooed as soon as 
the ordinary difficulty is overcome. If a locomotive of this type eihaust unevenly , or be 

imoDrtant that the two valves open and dose simultaneously. The various parts' of the 



e trouble. Jf the valve aear and st&rtini 
■■ ■ ■ m pactiog shiuld be ej 



'alve Jigj^lnng rings and f 



for leajcs and blows. The valve paclang rinps arc numbered on the diagram. Admission 
and release of steam to the high pressure cylinder is controlled by rings I, 2, 7 and 8. and 
to the low pressure cyUnder by rings 3. 4, 5 and 8. These rings may be tested for blows u 
follows: Ring* t. 2,7 amis. Place the valve in its middle position by means o( the reverao 
lever, so that all the ports are uncovered. Open the throttle, and a leak past these rings will 
be shown by a steady escape of steam at the high preseui« cylinder cocks. Rtnga i, 4, S 
and S. Place the reverse lever in fuU gear, with the starting valve open and the driving 
brakes applied. Open the threttle, and a leak in the rings will be indicated by a steady 
blow through the eihaust nozzle. To temt the high prmure pitton ringt, place the 
engineataboutcguarterstroke.admittinBSteamlo the front end of the high pressure cylinder. 
Keep the starting valve closed and the driving brakes applied- Jf steam ]e^ past the pistoit 
it will escape in a steady stream at the front cyhnder cock. To tvMt tht ioie ptttturm 
pUtaa rlna*, keep the engine and valve in the same position, and open the starting vb]v«. 
A leak past the rings will be indicated by a steady blow at the back low pressure cylidder 
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Fict. 1,045 uul 1.940. — Baldwin two cylinder compound vilves, fig. IMS, poiiUon when 
-working unsle eipanaion; fie. l.MO.pontian when worlanacDmpound. In the fijiuree A u 
kn "initicepting' vslveiiU movement in one direction ie controlled by ■ iprina, and in the 
other, by iteamiireuure. TA* tanctlan al tha Interctpllng hImib to cause the exhaoat 
tteam f Tom the bigh'preuure cylinder ta be diTcrted. at the option of the en^neer, either ta 
the open air when workiag Bingle upanaion, or to tha receiver when warkinR compound. 
C, i( a r«dii«(nfnilDa alio moved in one direction by a spbulspringsnd in the otlierb/iteaia 
preinre. Thefunctionof thitt valve is, in itanoriulpoiitkm, to admit live kteoin mto the 
receiver at reduced piessuie while the looomotiva ia worldng aingle eipaniion . Ifflien the 
' '■'■ — ia workinK compound, thii valve automatically oloen. A further function of 



B leducmg valve ia to rwulate tha preesura m the leeriver to that t 
Bpiatonaot the highandlowpmnre cylinders may be cqualued. 

>Uingthsopcrationof bothinterceptiDeandredadncYatveiiaauppE .. ,. 

* ig valve in the cab. When not pemtaneatlr cloied by j>re**ure in 
'-— Ive C, ia opented automatically by the preuurein the recei.». 
provided, communicating with the receiver and tha apaoe in front 



«pea D. the RduciOE valve C, ia operated automatiodly by the preui 
TothiaendtheportE,' '• " ' " ■■' -" 



.. ; — , , r -«■ m acta OQ the large end of thereduc_ 

-valve, causing it to move backward and dose the panageH, through which iteam entei 
the receiver, and thus prtventa an excess pressure of steam in the low pleasure cylinde: 
Poppet -valves P and G. are placed in coDoection with the port E , one to prevent the escat 
of Iteam from the receiver to the pipe D, when the locomotive iawotldnB single eipanaioi 
and the other to close the passage from pipe D. to the receiver when working compounc 
Normally the lever of the cperaUng valve m the cab is in the position marked "Eimple. 
In this position no ateam ia allowed to enter the pipes D. and no presaure will be e.erted o 
the intercepting and reducing valves in opposition to the springs, and they will assume th 
positions shown in %. l.MB. The porta of the intercepting valve A, atandopenta receiv 
the exhaust steam from the biflh pleasure cylindef and deliver it through the exhaust passaa 
B , to the atmosphere. The reducmg valve is open , admitting live ateam through paissEe S 

eraed by the automatic action of the reducing valve as previously explained . In -^is wa 
the locomctive can be used single expansion in making up and startinj£ trains for switct 
ingand alow running. At the will of the engineer the operating valve in the cab is move 
impotmd." This admits steam_to the pi " 



rs W and C, changing the intercepting andreducing valves instantly 
le positions shown m fig. ,1.948. . The eihaust from the high pressare 



cylinder ia diverted 

itive of the two c 
a single eipanaio 

n)n, tha engine c 

Lctly the aams ma 

ivo placed in its central position to cover all ports. In all cases, regardlesa of which 

tisabled, the interceptins valve most be in position for worldng single expansion. 



motive of the two cylinder compounc. .^, 

as & single ecpanamn engine. Tha tests should be made when the engme is working single 

down, the engine can be disconnected as readily as a single expansion locomotive and in^ 

exactly the same manner; the main rod should be Uken down, the cross bead blocked and the 

tacantralpositiontocover all pons. Inallcaset,regardles«of whichsido 
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accurately constructed according to the diagram. With these two points 
assured the adjustment of the gear on the locomotive is quite simple. The 
dead center marks on the rim of the driving wheel and the port tram marks 
on the valve stem are found in the usual manner. 

After connecting the gear, anjr slight variation which may occur between 
the forward and backward position of the valve can be adjusted by length- 
ening or shortening the eccentric rod. 

The Running Gear. — ^This consists of the frames, springs, 
bearings, axles and wheels, which form the support and traction 
system of the locomotive. 



FRAME LESS »EAR SECTION TOP BAR 



FRAME LEGS 




[HANGER 
SPRING 



Pigs. 1,947 and 1,948. — Detail of frames, springs, eqtializcr, and driving boxes, with names 
of parts. 



Frames* — ^These are made of wrought iron bars three or four inches thick, 
and about the same in \vidth. There are two frames, one on each side of 
the boiler. 

Each frame is made in two sections, a forward member consisting of a 
single bar, and a rear member containing the guides for the bearings. 
The forward section is attached to the cylinder casting, which in turn is 
bolted to the smoke box of the boiler; there are diagonal braces, the lower 
ends of which are bolted to the bumper timber and to the frame, and the 
upper ends of which are bolted to the smoke box; there are also braces 
between the boiler and the frames. 

The rear frame sections pass through expansion clamps bolted to the 
side of the fire box to prevent expansion and contraction of the boiler. 
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In addition, there are tisually diagonal braces bolted above to the back 
end of the outer fire box sheet, at about the height of the crown sheet, 
their lower ends being bolted to the frames at the back ends. 

Figs. 1,947 and 1,948 shows the general construction of the frames and 
names of parts. 

Springs and Main Bearings. — The spring system of a loco- 
motive consists of a spring over each driving box with connections 
between box and frame. Connection between the springs and 
frame is made by hangers at the outer ends and by eqjualizing 
bar at the inner ends as shown in fig. 1,948. 

The driving or main springs are made of steel plates or leaves about 
J^ to T^ iiich thick by 4 to 5 inches wide and of lengths from center to 
center of hangers, varying from 36 to 48 inches. 

The leaves are held together at the center by a wrought iron band shrunk 
on the leaves. The springs rest on saddles which span the top of frame and 
are supported on the tops of the driving journal boxes. 

Any motion of the driving boxes in the frame jaws is communicated 
to the spring through the saddle. 

The spring hangers pass from one end of the spring to the frame, and 
from the other to the equalizer and are connected to each by means of 
gibs passing through slots in the ends of the hangers. In some designs, 
the hangers pass over the ends of the springs in hook form and eliminate 
the slots in both the hangers and springs. 

Spiral springs are sometimes used at the lower end of the hangers as 
shown in fig. 1,948. The equalizer is a lever extending from the spring over 
one axle to that of another and having a fulcrum at its center which rests 
in the frame or on one of the boxes. Its function is to equalize the load 
on the boxes with which it connects and also to transmit the shocks from the 
rails to the springs. By shifting the fulcrum more or less load may be 
placed on the springs connected by the equalizer. By this system of 
equalizer and spring suspension on each side of the boiler, the equalizer 
fulcrums represent the two rear points of a tripod, while the center pin of 
the truck is the third point, making a three point bearing which makes the 
system adjustable to the most uneven track. 

Trucks. — The forward end of the locomotive is supported 
by a truck which may have either two or four wheels. The 
four wheel truck is the more extensively used and has a plate 
spring similar to a driving spring between each pair of wheels. 
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placed in an inverted position with the band resting on the 
underside of the truck frame and the ends resting in strong 
spring hangers, held between a pair o£ equalizers, the butt ends 



of which are carried on the tops of 
the truck boxes. The bottom leaf 
of the springs is formed into a 
rounding seat to receive the spring 



Figs. 1,949 to 1,954 show the 
details of both types of truck. 



Fioa. 1,9S2 to l,aM.— fUn mai 
or Pony <two wheel} truck il 
and uuneaot parts. 
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Tender. — The tender is a vehicle separate and distinct from 
the locomotive proper. It carries the fuel and water and is 
coupled to the engine. 

That part of the tender which contains the water, that is the 
tank, is of \J shape in plan, formed of two legs which are at the 
sides, and a larger rectangular space at the rear, having a ca- 
pacity ordinarily of from four to nine thousand gallons of water. 
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The coal is contained in the space between the two legs which is 
called the coal pit. The coal capacity is from six tons for the 
smaller tenders to sixteen tons for the larger ones. 

The tender is mounted on two four wheel trucks. On some tenders 
provision is made for filling the water tank from a track tank. The device 
consists of a spout of irr^;ular curved shape, the upper end of which is 
located in the manhole and curved downward, while the lower end is fitted 
with a rectangular mouth which is pivoted so as to lift clear of the drop to 
the track tank. The moveable end of the spout is opened by compressed air. 




Figs. 1,960 and 1,960.— Dziviag and truck journal boxes. 




Fig. 1,961. — Detail of sand box. It is placed on top of the boiler usually between tlie ataam 
dome and smoke stack. 
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The Air Brake.— In this type of brake, which operates by 
the expansive property of compressed air, the air is compressed 
by a stiitable ptimp located upon the engine and is stored until 
needed for use. When it is necessary to apply the brake, a 
portion of the stored air is allowed to pass into the brake cylinder. 
This cylinder is fitted with a piston which the escaping air moves 
outward. It is so connected with the brakes that its movement 
is communicated to the shoes and they are applied. 

The kind of air brake now used is known as the automatic, 
the term meaning that in case of accident such as the psirting 
of a train, btu*sting of an air pipe, etc., the brake is automatically 
applied. The elementary diagram fig. 1,962 illustrates the essen- 
tial parts of the apparatus and principles of operation. 

The two makes of air brake chiefly used are the Westinghouse 
and the New York. These operate on the same principle and 
differ only in the mechanical details. 

• 

The automatic air brake, as already mentioned is one so con- 
structed that the brake will be applied automatkaUy in case of 
accident. To accomplish this an auxiliary reservoir and a 
distributing or triple valve is necessary in each car. 

The functions of the triple valve are briefly 

1. When charging and maintaining the pressure in the brake 
system : 

a. To permit air to flow from the brake pipe to the auxiliary 
reservoir; 

b. To prevent air flowing from the auxiliary reservoir to the 
brake cyhnder; 

c. To keep the brake cylinder open to the atmosphere. 

2. When applying the brakes: 

a. To dose communication from the brake pipe to the auxiliary 
reservoir; 
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3. When holding the brakes applied: 

a. To close all commtinication between the brake pipe, auxiliary 
reservoir, brake cylinder and atmosphere. 

4. When releasing the brakes and recharging the system: 

a. To open communication from the brake cylinder to the atmos- 
phere; 

6. To permit air to flow from the brake pipe to the auxiliary 
reservoir; 

c. To prevent air flowing from auxiliary reservoir to the brake 
cylinder. 

The Westinghouse quick action automatic air brake is the same as the 
plain automatic but with the additional feature that the triple valve is so 
modified that when a relatively quick reduction in brake pipe pressure is 
made, it also opens a direct communication from the brake pipe through 
the triple valve to the brake cylinder. This not only increases the brake 
cylinder pressure in proportion to the amount of air flowing into it from 
the brake pipe, but by venting air from the brake pipe locally on each car, 
hastens and mcreases the effect of the reduction made at the brake valve; 
the net restdt being to greatly shorten the time from the movement of the 
brake valve handle until a full brake application is obtained on the entire 
train, and to increase the total braking power obtainable by such operation 
(called an emergency application of the brakes), about 20 per cent over the 
maximum obtainable during ordinary operations (called service applications 
of the brake), or when using the plain automatic brake. This difference is 
due solely to the construction of the triple valves, which are called re- 
spectively the plain and quick action triple valve. 

For all ordinary (service) applications of the brake, the operation of the 
two triple valves is identical. The foregoing relates to apparatus which 
for years has been and is now being used on many railroads. It should be 
understood, however, that much of the apparatus has been superseded by 
later forms of the same device or entirely new devices or combinations; 
for example, the entire engine and tender equipment is superseded by the 
"ET" locomotive brake equipment. 

The Westinghouse type **ET'' locomotive brake equipment 
consists of the following parts: 

1. The air compressor; 

To compress the air. 

2, The main reservoir; 

To store and cool the air and to collect dirt and water. 
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J. A duplex compressor governor; 

To control the compressor when the pressures for which it is 
regulated are obtained. 

4. A distributing valve, and small double chamber reservoir to 
which it is attached; 

Located on the locomotive, and performs the ftmction of triple 
valves, auxiliary reservoirs, double check valves, high speed reducmg 
valves, etc. 

5. Two brake valves; 

The automatic to operate the locomotive and train brakes, and the 
independent to operate the locomotive brakes only. 

6. A feed valve; 

To regulate the brake pipe pressure. 

7. A reducing valve; 

To reduce the pressure for the independent brake valve and for 
the air signal system when used. 

8. Two duplex air gauges; 

One to indicate equalizing reservoir and main reservoir pressures; 
the other, to indicate brake pipe and locomotive brake cylinder 
pressures. 

9. Driver, tender, and truck brake cylinders, cut gut cocks, 
centrifugal dirt collectors, hose couplings, fittings, etc.,'^indidental 
to the piping for purposes readily understood. ' 



The following are the names of the vsirious pipes: 

i. Discharge pipe; 

Connects the air compressor to the first main reservoir. 

Z. Connecting pipe; 

Connects the two main reservoirs. 

J. Main reservoir pipe; 

Connects the second main reservoir to the automatic brake valve, 
distributing valve, feed valve, reducing valve, and compressor 
governor. 

4. Feed valve pipe; 

Connects the feed valve to the automatic brake valve. 
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5. Exceu preiiure pipe; 

Connects the feed valve pipe to the upper connection of the excess 
pressure head of the compressor governor. 
$. Exce$» preMure operating pipe; 

Connects the automatic brake valve to the lower connection of the 
excess pressure head of the compressor governor. 



the distributing vj 



pipea of Westinghouse "ET" iDoomotive 



'ore this cock 19 closed the double heading cock ahouid bi 
)ta[y v^ve of the brake valve, being lifted from their aes 



poundi) ia Bupplied to the independent br^ valve thtough the reducing valve pipe When 
the air Bignaf aystem 19 installed, it ia connected to the Tcducing valve pipe, in which caw 
the redncins valve also taliea the place of the aignal reducing valve formerly employed. 
In the branch pipe aupplying the air aignal ayatem ia placed a combined atroiner. check valve, 
and choke fitting. The atrainer p«vent9 any dirt reaching the check valve and choke 
fitting. The check valve prevents air flowing back from the signal pipe when the independent 

pnaaure ao quickly as to destroy ^le operation of the aignal. Tkt diitributins tatpt baa 
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1 cylinder pipe, leadii 
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the distributing vajve releaae pipe, leading 
landle is in mnniHt position, to Uw automatic 
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7. Reducing valve pipe; 

Connects the reducing valve to the independent brake valve, and 
to the signal system wh^ used. 

8. Brake pipe; 

Connects the automatic brake valve with the distributing valve 
and all triple valves on the cars in the train. 

9. Brake cylinder pipe; 

Connects the distributing valve with the driver, tender and truck 
brake cylinders. 

10. Application cylinder pipe; 

Connects the application cylinder of the distributing valve to the 
independent and automatic brake valves. 

11. Distributing valve release pipe; 

Connects the application cylinder exhaust port of the distributing 
valve to the automatic brake valve through the independent brake 
valve. 



The diagram fig. 1,963 shows the assembly and arrangement of 
the parts and piping just described. 

Principles of Operation. — It should be noted that the 
principles governing operation of the type "ET** equipment are 
the same as those on previous equipments; the difference consists 
in the means for supplying the air pressure to the brake cylinders. 



Pig. 1,963— r««/ Continued. 

brake valve. Of the two on the right, the lower is the brake pipe branch connection, and the 
upper is the brake cylinder pipe, branching to all brake cylinders on the engine and tender. 
In this pipe are placed cocla for elating out the brake cylinders when neceatary, and in the 
en^pne truck ana tender brake cylinder cut out cocks are placed choke fittings to prevent 
senous loss of main reservoir air and the release of the other locomotive brtuces during a 
stop, in case of burst brake cylinder hose. The two duplex air gauges are connected as 
follows: Gauge No. 1; red hand, to main reservoir pipe under the automatic brake valve; 
black hand, to equalizing reservoir pipe tee of the automatic brake valve. Gauge No. 2; 
red hand, to the brake cylinder pipe; black hand, to the brake pipe below the double heading 
cock. The amount of reduction made during an automatic application is indicated by 
the black hand of gau^e No. 1, the black hand of gauge No. 2 is to show the brake pipe press- 
ure when the engine is second in double heading, or when a helper. The automatic brake 
valve connections, other than already mentioned, are the brake pipe, the main reservoir, 
the equalizing reservoir, and the lower connection to the excess pressure head of the com- 
pressor governor. 
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Instead of a triple valve and auxiliary reservoir for each of the engine 
and tender equipments, the distributii^ valve is made to supply all brake 
cylinders. 

The distributing valve consists of two portions called the "equalizing 
portion" and "application portion." It is connected to a "double chamber 
reservoir," the two chambers of which are called respectively the "pressure 
chamber" and the "application chamber," The latter is ordinarily con- 
nected to the apphcation portion of the distributing valve in sadb a way 
as to enlarge the volume of that part of it called the appUcaUon cylinder, 
as shown in Iig. 1,965. The connections between these parts as well as their 
operation, may be compared with that of a miniature brake set, — the equal- 
izing portion representing the triple valve; the pressure chamber, the 
auxiliary reservoir; and the application portion always having practically 
the same pressure in its cjrlinders as that in the brake cylinders. This is 
shown by the diagrammatic illustration in fig. 1,964. 

ore combined in one 



1,073.— Weatiacboiue duplex Esuna; fig. 1,972 lusa air Baunil)s.I,S73 mull 



The equalizing portion and pressure chamber are used in automatic 
applications only; reductions of brake pipe pressure cause' the e<yift1iring 
valve to connect the pressure chamber to the application chamber ana 
cylinder, allowing air to flow from the former to the latter. 

The upper slide valve connected to the piston rod of the application por- 
tion, admits air to the brake cylinders and is called the "apphcation valve," 
while the lower one releases the air from the brake cylinders and is called 
the "exhaust valve." 

Since the air admitted to the brake cylinders comes directly from the main 

reservoirs, the supply is practically unlimited. Any 

awlication cylinder will force the application piston to 
v^ve, open uie application valve, and admit air from the main 
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to the locomotive brake cylinder until their pres- 
sure equals or slightly exceeds that in the appli- 
cation cylinder; whereupon the application piston 
and valve will be returned to lap position, clos- 
ing the application valve. Also any variation of 
application cylinder pressure will be exactly dupli- 
cated in the locomotive brake cylinders, and the 
resulting pressure maintained regardless of any 
brake cylmder leakage. The operation of this 
locomotive brake, therefore, depends upon the 
admitting of air to and the releasing of air from 
the application cylinder; in independent applica- 
tions, directly by means of the independent brake 
valve in automatic applications, by means of the 
equalizing portion and the air pressure stored 
in the pressure chamber. 



The well known principle embodied in 
the quick action triple valve, by which it 
gives a high braking power in emergency 



Pig. l,074.-^We8tinghouse B-d safety valve. It is unlike the ord- 
inary safety valve, as its construction is such as to cause it to 
close quickly with a *'pop" action, insuring its seating firmly. 
It is sensitive in operation and responds to slight differences of pressure. The names of the 
parts are: 2, body; 3, cap nut; 4, valve; 5, valve stem; 6, spring; 7, adjusting nut. Valve 4 
IS held to its seat by the compression of spring 6, between the flange of the stem and adjusting 
nut 7. When the air pressure below valve 4, is ^ater than the force exerted by the spring, 
it rises, and as a larger area is then exposed, its movement ui>ward is very quick, being 
guided by the brass bush in the body 2. Two ports are drilled in this bush upward to the 
spring chamber; and two outward through the body to the atmosphere, although only one 
m each of these is shown in the cut. As the valve moves upward, its lift is determined 
by the stem 5 striking cap nut 3. It closes the two vertical ports in the bush connecting 
the valve and spring chambers, and opens the lower ports to the atmosphere. As the air 
pressure below valve 4, decreases, and the compression of the spring forces the stem and 
valve downward, the valve restricts the lower ports to the atmosphere and opens those 
between the valve and spring chambers. The discharge air pressure then has access to the 
spring chamber. This chamber is always connected to the atmosphere by two small holes 
uzough the body. 2; the air from the valve chamber enters more rapidly than it can escape 
through these holes, causing pressure to accumulate above the valve seat and assist the 
spring to close it with the pop" action before mentioned. The safety valve is adjusted 
by removing cap nut 3, and screwing up or down the adjusting nut 7. After the proper 
adjustment is made, cap nut 3, must be replaced and securely tightened, and the valve oper- 
ated a few times. Particular attention must be given to see that the holes in the valve 
body are always open, and that they kre not chaiu^ed in size, especially the two upper holes. 
This safety valve should be adjusted for 68 pounds. Like all adjustable devices, the safety 
v&lve is most easily and accurately adjusted when the work is done on a shop testing rack. 
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applications, and a suflSciently lower one in full service applica* 
tions, to provide a desired protection against wheel sliding, is 
embodied in the distributing valve. This is accopiplished by 
cutting off the application chamber from the application cylinder 
in all emergency applications. In such applications, the pressure 
chamber has to fill the small volume of the application cylinder 
only, thus giving a high equalization, and a correspondingly 
high brake cylinder pressure. In service applications, it must 
fill the same volume combined with that of the application 







FACE OF SLIDE VALVE. 




PLAN OF SLIDE VALVE. 



Pigs. 1,975 to 1,978 — Details of Westinghouse No. 6 distributing valve. Part h, leads to the 
application cylinder, automatic brake valve, and independent brake valve: w, to tJie appli- 
cation chamber; », to the distributing valve release pipe; /, to the safety valve. 



chamber, thus giving a lower equalization and correspondingly 
lower brake cylinder pressure. 

The Distributing Valve, — This valve is the important feature of the 
ET equipment. Figs. 1,965 to 1,971 show photographic views of the valve 
and its double chamber reservoir, the pipe connection being plainly shown, 
the safety valve shown in fig. 1,974 is an essential part of the distributing 
valve. Figs. 1,975 to 1,978 show detail of graduating valve, equalizing valve 
and equalizing valve seat of the distributing valve. 

Automatic Operation of the Distributing Valve, — To simplify the 
tracing of the ports and connections, the various positions of this valve 
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object of explaining the operatioa clearly instead of showing exactly how 
'■•"■■■ s of the r 



th^ are desiEtted. The chambers o_ .._ .._ . 

indicated at tiie bottom as a portion of the valve itself. In fig. 1,974, 
equalizii^ piston 26, graduating valve 28, and equalizing slide valve 31, are 
shown as actually constructed. But as there are ports m the valves which 
cannot thus be clearly indicated, the diagrammatic illustrations show each 
slide valve considerably elongated so as to make all the ports appear in 
one plane, with similar treatment of the equalizing valve seat. Pigs. I,fl75 
to 1 ,978 ^ow the correct location of these ports. 



Fig. lj)n. — Wcfttlnfflioiue H-0 Automatic bnke valve. 

Automatic Brake Valve. This brake valve, although modelled to 
a considerable extent upon the princnples of previous valves, is necessarily 
difCerent in detail, since it not only performs all the functions of such types 
but also those absolutely necessary to obtain all the desirable operatmg 
fcaturea of the No. 6 distributing valve. 
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rotary valve chamber, the rotary valve being removed; the lower one a 
vertical section. In these views the pipe connections are indicated. 

Figs. 1,^3 and 1,984 show two views of this valve similar to those of 
figs. 1,981 and 1,982, with the addition of a plan or top view of the rotary 
valve. The six positions of the brake valve handle are, beginning at the 
extreme left, release, running, holding, lap, service, and emeigency. 

In describing the operation of the brake valve, it will be more 
readily understood if the positions are taken up in the order 



Pig. 1.B80.— WeatLnghouse No. 6 distributing valve. Conniaiora: M R, main reservoir pipe; 
IV distributijie v3ve release pipe; 11, applfcation cylinder pipe; CYLS, brake cyUndMpipe; 

valves 6, appncation valve Epring; ?, application cylinder cover; 8, cylmder cover bolt and 
out; 9, cylinder Qover gasket; 10, application piston; II, piston follower; It, packing leather 
«pander; IS, packing leather; 14, application piston nut; IS. application piston paeldog 

piston Braduating stem; fO. application piston graduating spring; «/, giaduating stem nutj 
XB. upper cap nut; *S, ecjualizuig cylinder cap; S^. c/linder cap bolt and nut; «S, ev'inrt.i. ran 
gasket; «fl, equalizing mston; t7, equalizing inston iing; t8, graduating valve; t9. 



(located where dislributjng valve bolts to reservoir, not shown! ; it, oil plug; 43, safety vatvB 
air strainer; it. equalizing piston graduating sleeve; 4S, equaliiiog piston graduating ^irine 
nut; ie. equalizing piston graduatuig spring. 

in which they are most generally \ised, rather than their regular 
order as mentioned previously. 
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Charging and Releate PotUlan. — The purpose of tbis position is to 
provide a large and direct passage from the main reservoir to the brake 



BP, braia pipe; G A, duplex air aauge; E R, eqiialiiing reservoir; B 
i»^_.,. Parlit 2, bottom case: 3, rotary valve seat; 4. top case; S.pine brack 
™lvBj 7. rotaiy valve key; S, key waaheriO.haodlo; 10. handle latch spring; 11, h 
12, handle Is tctiniew; 13, handle nut; 14. handle lock nut; IS. equalizing piston; 1 
piston packing ring; 17, valve Beat upper gasket; 18, vslve sest lower gastet; 10, i 
n^t; 30, small union nut; 21. brake valve tee: 22, small union swivel; 23, largi 
24. laija union swivel; 2S. bracket stud; 2d, bracket stud nut^ 27. bolt and nut ; 23 
n, on plug; 30, rotary valve spring; 31, service exhaust fitting; 3S, governor uix 
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Air at the main reservoir pressure flows through port a in the rotary valve and i>ort b 
in the valve seat to the brake pipe. At the same time, porti in the rotary valve registers 
with equalizing port g in the valve seat, permitting air at main reservoir pressure to enter 
diamber D above the equalizing piston. 

If the handle were allowed to remain in this position, the brake system would be 
charged to main reservoir pressure. To avoid this, the handle must be moved to 
running or holding position. ,To prevent the engineer forgetting this, a small port 
discharges feed valve pipe air to the atmosphere m release position. Cavity / in the 
rotary valve connects port d with wamingport r in the seat and allows a small quantity 
of air to escape into the exhaust cavity EX, which makes sufficient noise, to attract the 
engineer's attention to the position in which the valve handle is standing. The small 
^[Toove in the face of the rotary valve ^ which connects with port s, extends to port p 
in the valve seat, allowing main reservoir pre^ure to flow to the lower connection of the 
excess-pressure head of the compressor governor. 




HANDLE 



-Tig. 1,985. — Detail of rotary valve of Westinghouse H-6 automatic brake valve. In the figure 
a, 3 and 5, are ports extending directly through it, the latter connecting with a groove in 
the face; j and k are cavities in the valve face; o is the exhaust cavity; x and / are ports in 
the face of the valve connecting by cored passages with o; /i is a port extending from the face 
over cavity k and connecting with exhaust cavity o; n is a groove in the face having a small 
port which connects through a cavity in the valve with cavity k. Referring to the ports 
m the rotary valve seats (fig. 1,981) d leads to the feed valve pipe; h and c lead to the brake 
pipe; g leads to chamber D; EX, is the exhaust opening leadmg out at the back. of the 
valve; e is the preliminary exhaust port leading to chamber D; r is the warning^ port leading 
to the exhaust; P is the port leading to the pump governor; I leads to the distributing valve 
release pipe; u leads to the application cylinder pipe. 

Running Position, — This is the proper position of the handle 1, when 
the brakes are charged and ready for use; 2, when the brakes are not being 
operated; and 3, to release the locomotive brakes. 

In this position, cavity / in the rotary valve connects ports b and d in the valve seat, 
affording a large direct passage from the feed-valve pipe to the brake pipe, so that 
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itary valve Tvgut«ra with port p^ h 
, wiiich is present at all times al 



ig liie distributiog 



ig toward the right. The 
ualiiing valveSI. 6*e 



valve then nnaters with port A, in the seat, and cavity n, in the equalizing valve conneotl porta 
K.and w. in the seat. As the equaliiing valvE chamber is always in communicatioo nitt thB 
pressuie chamber, air can now flow from the latter to both the application uyliiider and 
applicatioQ chamber. This pressure forces application piston 10, to the right, as shown In 
the 6eure causing ejhaust valve le, tocloseeihaust ^rtsi.and d.andtocompressappUeation 
piston graduating spring «0,- also causing application valve S. by its connection with the 
piston stem through pin IS, to open its port and allow air from the main leservoirs to flow, 
into chambers b, b. and through passage c. to the brake cylinders. During the movement 

seat. This establishes comnwinication between the application cylinder and the 'safety 
valve, which being set at 88 pounds Ithree pounds above the maximuni obtained in »a 

to this amount. The amount of pressure resulting in the application cylinder for A certaio 

pressure chamber and nothing in the application cylinder and chamber, if they are aHowsd 
1o remain connected by the ports in the equalizinj valve, they will equalise at about 60 
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If the brake valve be in ninnina poaitkm when uncharBed cars ire cut in. or if, after 
a heavy brake application and release, the handle of the automatic broke valve bo re- 
difference between the hands on gau^ No. 1 ia !«« than 20 pounds. The compTcsBois 
stopping from this cause, call the engineer's attention^ the acriousty wrong operation 
on his part, ae Tunning position results in delay in charaing. and ia liable to cause some- 
brakes to stkk. Rdease position ^ould be Dsed until aJl biakea an rekeaed and nearly 



. When the brake pipe n 



— d of equaliiing vSve SJ.'lhe position here indicated, 
thU petlHan. isnd\ "' .--..-. 



pressure chancer to the application cylinder and chamber. It alao hascloaed pcirt s, cutting 
oS comnmnication, to the safety valve, so that any possible leak in the latter cannot reduce- 

The How ot air past application valve S, to the brake cylinders continues until their pressure- 
slightly eaeeeda that m the application cylinder when the higher prEsaure and application 

cknine port b. Further movement is prevented by the resistance of eihaust valve 16, and 
the app&ation piston graduatine spring having expanded to its normal position. The brake 
cylinacrpiesaure is then practically theaameaslhat in the application cylinder and chamber. 
notn the above deecriptjon it will be Been that application piaton JO, has application cylinder 

varies, the piston will move toward the lower. Conseguently if that in chamber b, be reduced. 
b/ biiike cylinder leakage, the pressure maintained in the application cylinder g, will force 
pBtOQ lOi to the right, opening application valve 6, and again admitting air imia the main 
reservDir to,tbe brake, cylindera until the pressure in chamber b. is again slightly above that 

waf the brain cylinder pressure is always maintained equal wiUi that in the appticatiou 
cylmdcT. Thia ia the pressure maintaining feature. 
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Service Position. — ^This position gives a gradual reduction of brake 
pipe pressure to cause a service application. 

^Port h, in the rotary valve registers with port c, in the valve seat, allowing air from 
chamber D, and the eqtializing reservoir to escape to the atmosphere throu^ cavities 
o, in the rotary valve and EX m the valve seat. Port e, is restricted so as to make the 
presstire in the equalizing reservoir and chamber D, faU gradtudly. 

As all other ports are closed^ the fall of pressure in chamber D, allows the brake pipe 
pressure under the equalizing piston to raise it, and unseat its valve, allowing brakepipe 
air to flow to the atmosphere gradually through the opening marked BP Ex. When 
the i>ressure in chamber D, is reduced the desired amotmt, the handle is moved to lap 
position, thus stopping any further reduction in that chamber. 

Air will continue to discharge from the brake pipe until its pressure has fallen to an 
amount a trifle less than that retained in chamber D, permitting the pressure in this 
chamber to force the piston downward gradually and stop the discharB[e of brake pipe air. 
It will be seen therefore, that the amount of reduction m the eq[ualizing reservonr deter- 
mines that in the brake pipe, regardless of the length of tJie train. 

The gradual reduction of brake pipe presstu« is to prevent quick iaction, and the gradual 
stopping of this dischar^ is to prevent the pressure at the nead end of the brake pipe 
being built up by the air flowing from the rear, which mis^t cause some of the head 
brakes to "kvck-szff." 

Lap Position. — ^This position is used while holding the brakes applied 
after a service application until it is desired either to make a further brake 
pipe reduction or to release them. All ports are dosed.' 

Release position* — ^This position, which is used for releasing the train 
brakes after an application, without releasing the locomotive brakes, 
has already been desdiibed under charging and release o^ page 1,000. 

The air flowing from the main reservoir pipe connection through port a, in the rotary 
valve and port 6, in the valve seat to the Drake pipe, raises the pressure in the latter, 
thereby causing^ the triple valves and equalizing portion of the distributing valve to go 
to release position, which releases the train brakes and recharges the auxiliary reservoirs 
and the pressure chamber in the distributing valve. 

When the brake pipe pressure has been increased sufficiently to cause this, the handle 
of the brake valve shotud be moved to either running or holding XKMition; the former 
when it is desired to release the locomotive brakes, and the latter when they are to be 
still held applied. 

Holding position* — ^This position is so named because the locomotive 
brakes are held applied while the train brakes are being released and their 
auxiliary reservoirs recharged to feed valve pressure. All ports register 
as in running position, except port /, which is closed. 

Therefore, the only difference between running and holding positions is that in the 
former the locomotive brakes are released, while in the latter they are held applied. 

Emergency Position* — This position is used 1, when the most prompt 
and heavy application of the brakes is required, and 2, to prevent loss of 
main reservoir air and insure that the brakes remain applied in the event 
of a burst hose, a break in two, or the opening of a conductor's valve. 

Port X, in the rotary valve registers with port c, in the valve seat, making a lai^^e and 
direct communication between the brake pipe and atmosphere through cavity o, m the 
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fotuy valve tindBXin the valvfl,8eit. Thii dinct passage mRkuB nidden kbA hHvy 
cmaseoc; positiDa uid give m 



dJac h ftiBB of brake pipe air. cauBmg thC triple valvea and distributiTiff vaJve tc 






cr port A in t£e seat withoat opeiiuifl port w, mokiiig a direct opening fiom the 
pnmie caBmber to the applicatioa cylinder omy, bo that th^ quickly become equaliied. 
Tllia cylnldBT volume, being ■majl. and connected with that of the preeiure chamber at 

b^n valve, a anu port in the rotary valve sllonB air bam the main reaervairs to feed 
Into the applicaticm cylinder pipe, and thuB to the application chamber. The application 
cylinder is now connected to th.-^eatety valve through port A. in the Boat.givity o, end port 
r,ii&tlie equalizins valve, end pc-t ^ in the seat- Cavity i;, and port r, in the equanidag valva 
ue connected by a email port, the lize of which ptmiitB the sjr in the application cylinder 

feeding throtigh ttie rotary valve of the auiomatic brake valve, can supp 
pTHCure riling above the adjuAtment of the aafety valve- In high i 
{be feed vatve is regulated for 110 pounds brake pipe prewuie insteau m ju, aim mum, 
reeervoir preaaure ia 130 or 140 pounds. Under these condittona an emergency applicatioa 
raiaea the appHcation cylinder preaanre to about 83 poundsp but the passage between cav^ 
D, and port r, ia BO small that the flow of application cylinder preaaure to the safety valve is 
Juat enough greater than the supply through the brake valve, to decrease tlut pressure in 
practically the same time and manner as ia done by the high speed reducing valve, until it 
u approxmiBtely 75 pounds. Tlie reason why the pressure in the application cylinder 
pressure chamber and brake cylinders doea not fall to mpoundato which pressure the safety 
valve ia adjnsted, is because the inflow of air throusti the brake valve with the higii main 
reservoir pnnure used in high apeed service is equal, at 75 pounds, to the outflow through 
the am^ openinc to the safety valve. Thb b done to get a shorter stop in amergeacy. 
Tiia application pcition of the distributing valve operates similarly, but mora quickly thao 
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n, in the valve and b, in the seat to the application _ __ _ _ 

■qipIicBtioD cylinder pressure as described on pace 1,013. 

At the same time port (, (fig. 1.9S5).intheroUry valvensisters with port g, in theseat, 
aDowiag the air in the equaliung reservoir to Row througb the porti named to the eihsusC 

an emeigency application of theTjrakes. 

Leather washer S, picvents air in the rotary valve chamber leaking paat the 
lolaiT valve key to the atmoBphere. Spring SO, keeps the IDlary vaive key fiimly 



n is the position shown 



to tho applicalion cylmder, having cmeieeacy pressure therein through pc^ w. cavity k, 
and port h. The pressure in the application cylinder at once eipands into the application 

until it is slightly less than that in application cylinder and chamber. Consequently, in 
tKleasioa after an emergency (using the release position, of the automatic brake v^ve), 
the brake cyhnder pressure will autamaticslly reduce to about IS pounds, where it will 
remain until the automatic brake valve handle is moved to runniiu; position. If the brakes 
beapphed by a conductor's valve, aburst hose, crpartineoftrjun, the movement of equalizing 
valve 31, breaks the connection between ports k and i, through cavity k, so that the brake* 
will apply and remain applied until the brake pipe piessure is restored The handle of the 
automatic brake valve should be immediately moved to cither emergency or lap positioa. 
depending upon whether the locomotive of operating a passenger 01 freight train, u 
explained on page 1,033, to prevent a loss of main reservoir pressure. 
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rG- 1,091- — DutribDtiii^ valve quick action cyl 
indcrCBp. The equalising portion sf the diitribui 
iiiff valvci as already dfiscribed. corresponds t 
the plun triple valve of the old standard locomr 



r whieh it is advisablelo have it 
coireaponaio a ^nick action tiiple valve; that ifl, 
— vent brake pipe air into the brake cylindeii 
in an emeiguicr application. To obtain this, 
the cylinder cap M, fig. 1.680, is replaced by the 
"quick action cylinder cap." here illustrated. 
Thaparimare; if.cyiindnT cap; ,j5, emergency 
valve; 4S, check valve cap nut; BO, emergency 
valvB Rraduating stem; 6t. check valve ffuide: 
«. rubier seatlbr check valve; M, check valve; 
54. check valve Bprins) JS, graduating spiing; 50, 



Pig. 1.092. — Bmarfmnew potlttoa 

for distributing valve with quick 
action cap. In this position aa 



(rency v^ve 4^, to the right , open- 
ing port j. Brake pipe pressure 
in chamber P. flows to chamber 
X, pushes down check valve 5St 
and passes to the brake cylinders 
thrjUAh port m in the cap and 
distributing valve body. When 
the brake cylinders * ' ' 

thud preventing air l 
cylinders flowing baj 
brake pipe. When 



iig Bi. 



y v^e i^, bade to the post- 
shown in fig. 1.691. In all 
r respects, the operation of a 
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RV, reducing vttJTe pipe; EX, eihaustjIV, 
diatributing valve release pipe to the die- 
tributing valve; 111, diBtTibuling v&lve, 
release pipe to automatic hraja valTe; 

pipe bracket; 3, rotary valve seat; 4, 

loisJy valve; 10, Toia.iy valve key; 'n, 
rotary valve spring; 12. key vasher; 13. 
upper clutch; 14. handle nut; 15, handle; 
m. latch spring; IT. latch screw ; 18. latch: 
19, cover BcT«H;a).oil plug; 21, bolt aiid 
nut; 22, bracket stud; 23. bracket stud 
nut; 24, upper gasket; 25, lower sukot 
26, lower clutch: 27. return sprints top; 
2g. cap screw. Fort A. in the «at leads 
to the reducing valve pipe. Port a, leads 
to that portion of the distributing valre 
release pipe which connects to the dis- 
tributing valve at IV (iig. 1.BS6). Porte, 
'-- '- — "■- ->ther ■ ' •■- — ' 

II f Tfig." 1 ,981 )T~ Port d^ 
leads to the application cylinder pipe 
which connects to the distrdntbig nln 
Bill. Ifig. l.B§e). Port«.iathec«ntar,ii 
the exhaust port leading directly down to 
the atmospf »- . ■ ■- ■■-- t — 
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pressed against washer 8, when no main reservoir pressure is present. The handle 9 
contains latch 11, which fits into notches in the quadrant of the top case, so located as to 
indicate the different positions of the brake valve handle. ^ Handle latch spring 10, forces 
the latch against the quadrant with sufficient pressure to indicate each position. 

To remove the brake valve, close the cocks, and take oflf the holding down nuts. To 
take the valve proper apart, remove the cap screws. 

The brake valve should be located so that the engineer can oi>erate it conveniently 
from his usual position, while looking forward or back Out of the side cab window. 

Independent Brake Valve. — ^Figs. 1,993 to 1,998 show this 
valve, which is of the rotary type. Figs. 1,999 and 2,000 
show sectional views of the valve. In these views, the pipe con- 
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Fig. 2,001. — ^Rotary valve of Westinghouse S-6 independent brake valve. The exhaust cavity 
G, is always in communication at one end with exhaust port H. Groove E, in the face of 
the valve communicates at one end with a port through the valve. This groove is alwa^B 
in communication with a groove in the seat connecting with supply port B, and through the 
opening just mentioned, air is admitted to the chiunber above the rotary valve, thus keepioff 
it to its seat. Port M, connects by a small hole witii groove B; P, is a groove in the face off 
the rotary valve; L, is tiie warning port, extending through the rotary valve. 

nections and positions of the handle are indicated. The five pos- 
itions of the brake valve handle are, beginning at the extreme 
left, release, running, lap, slow application and quick application. 

Figs. 2,002 and 2,003 are top views of both brake valves 
showing the position of the handles. 

The various positions of the independent valve are as follows: 
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Running Po*ition.—This is the position that the independent brake valve 

Ehould be carried in at sJl times when the independent brake is not in use. 

GiDovfl/.tatherDtary VAlve connects ports a, and ft In ttie valve Be&t. thus establiahins 

„ diathbutina vnAve release 

pipe, between the appli- 
cation cylinder of the dlA- 



I that thfl distributing 



if tiieaatoniatk brake vidvfl 
be in ru nn i n g positkHi, and 
tJie independent brakei an 



valve to numiDg poeiticn, 
BS the eppUcatbii crlioder 

through the release pipe and 

Slow Application 
Po» ition.—To apply the 
independent brake 
lightly or gradually, 
move the ttfake valve 
handle to the slow appU- 






throuRh I 



° through the application 

S cylinder pipe to the appU- 

■S cation cylinder of the dia- 

. 7 Quick Application 
*^ Jj Position. — To obtain a 
8 quick application of the 
.- Sloi " independent brake, 
APPLIC, I move the brake valve 
~ handle to quick appU- 
S. cation position, groove 
' ^\\\C ** e, then connects ports b, 
** ^( S and d. directly, making 
>,P^^ S a larger opening betweea 
them in the slow appli- 
cation position, allowing supply air to flow rajiidly from the reducing valve 
pipe to the application cylinder of the distributing valve. 
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Pn:. 2.0M.-~lndopendtnt appU- 

catton. When tbe handle of the 

independent brake valve is moved 

V to either ihui or qu 'ck &pf licAtion 

vojrJLmited by the reducing ^ve 
loamavTnuniQf 45 poundStia el- 
lowed to flaw to the applic3.tioa 
cylindci.forcinB application piston 



through pHeso^ c, to the bralce 

ElicatioD , unt LI the pTesaure el iffht- 
/ exceeds that in the application 
cylinder. The application pintoa 
graduating epnuK tO, and higher 



wnded to i^ normal position 
Thii poaition shown in fig. 2,005 
ia known a« Indtpandtnt lap- 
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hap Ffuitioit' — This positioa is used to hold the independent brake 
applied after the desired cylinder pressure is obtained, at which time all 
communication between operating ports is closed. 



FiC 3,006. — Indepmngtnt relent*, Wbea the handle of the independent hnke valve ti momd 
to nletufi pqaitioit, adirect opening ia made from the application cylinder to the atmosphens. 
A> the application cylinder preaauro escapes, bralte cylinder pleasure in chamber b, mors* 
uplication piston tO,to the left, causing exhaiut valve J^. to open echaust porta f and d,aM 
■hfiwnin fifl. 1,QM, theieby allowing brake cylinder presiure todiacharge to the atmotphera- 
If the independent brake valve be returned to lap before all of the spplicatioii cylinder pnesun 
has escaped, the application piston 10. will retum to indtpendtnt lap ijontion, Og. XOOSi, 
afl Boon as the brake cylinder pressure is reduce a little below that remaining in the uplica- 
tioo cylinder, thua closing eihauat porta t and d, and holding the remainina prenure m th» 
brake cylinders. In thia way the independent release may be graduated aa deaiivd. Tha 
above ^[ure ahowa the poaition the distiibuting valve parts wi4 assume, if the locomotive 
brakes be released by the independent brake valve after an automatic application has 
been made. This results in the application portion noing to release position without chan^ 
izijl the conditions in either the pressure chamber or brake pipe; conaeouently. the equalising 
pinion doea not move until release is mode by the automatic brake valve. An independent 
release of locomotive brakes may also be nutde in the same manner, after an emergency 
application by the automatic braiie valve. However, owing to the fact that, in this position, 

port in Uie rotiuy valve (see fig. l.&B). the handle of the independent brake valve must be 
ueld in release position to prevent the locomotive brakes reap^ying, so long as the 
handle of the autoinatic brake valve remains in emergency poaition. The equaliiiag portion 
vt the distrtfiting valve will lemain in the position shown ul figs. 1,939 and 1,990, wtile the 
Application portion will assume the position here ahown. 
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Release Position. — ^This position is used to release the pressure from 
the application cylinder when the automatic brake valve is not in running 
position. 

At such time, the cavity g, fig. 2,000, niters with port J, allowiiur the air in the 
application cylinder to flow through the application cylinder pipe, ports a, g and h, to the 
atmosphere. 

The purpose of return spring 6r, is to automaticalljr move the handle IS, from the release 
to the running position or fron^ the quick application to the slow application position, 
as soon as the engineer lets go of it. The automatic return from x^lease to running 
I>osition is to prevent leaving the handle in release position, and thereby make it impos- 
sible to operate the locomotive b^Bke with the automatic brake valve. The action ot the 
spring between quick application and slow application position serves to make the- 
latter more pronunent, so that in rapid movement of the valve, the engineer is less 
likely to unmtentionallv pass over to the quick application position, thereby obtaining 
a heavy application of the locomotive brake when only a light one was desired. 

As a warning to the engineer in case of a broken return spring, port /, in the face of 
the iDtary registers in release position with port k, in the seat, allowing air to escape to 
the atmosphere. 

Pigs. 2,002 and 2,003, show a top view of both brake valves, showing the jKxntton of 
their nandles. 

Double Heading. — ^When there are two or more locomotives 
in a train, the instructions already given remain unchanged so 
far as the leading locomotive, or the locomotive from which 
the brakes are being operated, is concerned. On all other 
locomotives in the train, however, the double heading cock 
under the automatic brake valve must be closed and the auto- 
matic and independent brake valve handles carried in running 
position. The release pipe is then open to the atmosphere at 
the automatic brake valve, and the operation of the distributing 
valve is the same as that described during automatic brake 
applications. In double heaaing. therefore, the application and 
the release of the distributing valve on each helper locomotive 
is similar to that of the triple valves on the train. But in case 
an engineer or a helper find it necessary to apply or to release 
his brakes independently of the train, he can do so by using 
the independent brake valve, without moving the handle of the 
automatic brake valve. 

Feed Valve. — The latest feed valve differs from previous ones 
in charging to the regulated pressure somewhat quicker, and in 
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maintaining the pressure more accurately under 

the variable conditions of short and long trains, 

and of good and poor maintenance. Also, it 

^ i ill? gives high and low brake pipe pressure control. 

all « ®'S2 1 It is supplied with air directly from the main 




d 




^^:2'3'S ^ reservoir. It regtdates the pressure in the feed 

->" -'^ s?l ^'^'3 valve pipe, and in the brake pipe when the 

i^ltSl'SiiwI handle of the automatic brake valve is in 

S 8 g ? g^sfl running or in holding positions, these two pipes 

J o2l ^:Sl|.§. being then connected through the brake valve. 

|gg"*:S>j,2^ It is connected to a pipe bracket located in 

« Iggl g-§'5 g th© piping between the main reservoir and the 

>^«S-a'g*^fil5 automatic brake valve, and is interchangeable 

f |l rljS i|i ^*^ previous types. 

«-| IliS «! pj Pigs. 2,007 and 2,008 are diagrammatic views of the 

"g •*'| e2^ 1 .2j§ valve and pipe bracket having the ports and operating 

SjwosSi'^**^ parts in one plane to facilitate description. 

^qS .isig-^S This feed valve consists of two sets of parts, the 

3 ® I ^'^ I g g J I supply and regulating. The supply parts, which con- 

f 8 .5JJ g jl g"5 trol the flow of air through the valve, consist of the 

"2§'^©^SS***g - supply valve 7, and its spring 5; the supply valve 

J «;§^'2|'3'|gJ piston 6, and its spring P. The regulating parts con- 

^'Si5S^'is§" sist of the regulating valve 12, regulating valve spring 

^*'3g*^'S"-S Z 13, diaphragm 17, diaphragm spindle 18, regulating 

5 §.l i§ e^'g la spring 19, and regulating hand wheel 20. 

*i§Q.^'*'^ci* Main reservoir air enters through port, a, a, to the 

r? &■»* '^ Ss s^ supply valve chamber B, forces supply valve piston 6, 

to the left, compresses piston spring 9, and causes the 

»- X w *- a - P°^ ™ supj^y valve 7, to register with port c, as in 

.'? M^f^-^-S S ^8« 1,999. This permits air to pass through ports c 

ya.g^© g % and d, to the feed valve pipe at FVP, and through 

port c, to diaphragm chamber L, . 




Regulating valve 12, is then open and port K, con- 

8 ^"Si ^ sl ^^'S'l '^ects chamber G, on the left of piston 6, to the feed 

c^" 11^^ ^ - § I § 2 valve pipe through passage h. chamber L, and passage 

*§ ^-i .l6'??,§&^ e,d,d. While the regulating valve is open, air feeding 

i2 J.S§S-2s-9^S^ by the piston 6, cannot accumulate m chamber /ir, 

8 5 © i'^'^'^ J*^*^ S abpve feed valve pipe pressure, but when regulating 

^" «>fe.l*'^*»§'S^^'«« valve 12, is closed, the pressure on the left of 

- «a "** 1*^1^1 piston 6, quickly rises to the main reservoir 

LoJaS presstu*e on the right and piston spring 
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Pig. 2.009 and 2.0ia— Wertir^iotua type SP-4 compnuor goveraor. mCli gteam nlvs e, 
open. By iifcrencc to the ^ing dingram in Bg. 1,936. it Will be Men that connection B, 
leads to tht boiler; P. to the sir comprssKr; JtfA. ta the main Kscrvoir: ^BV, Co the auto- 
malie brake valve; Fl'i*, to Ihe feed valve pipe; IT. is the waste pipe connection. Steam eotcn 
at B. and passes by steam valve 5. to the connection F. and to the compressor. The governor 
legulatins head on the left is called the "excess pressure head." and the one on the right ths 

ABV. and^mlo ehamber'drb^w^iaphragm 13. A.r"rom*the feed valw p^pe enten at Iho 
connection i'l'P. to chamber ^, above diaphragm M, adding to the pressure of ragulatioB 

-Hill be held doRa until the main reservoir pressure m chamber d, ilightli^iiceeds the combined 
air and spiinf; pressure acting on the top of the diaphragin. At such time diaphragm es. will 
nse., unseat its pm valve, and allow air to Sow to chamber c, above the governor piiton, 

steam valve B, lo the point where the compressor will just supply the leakage in the brake 

and air pressure above the diaphragm forces it down, seating its pin va)ve. As chamber 
b, is always open to the atmosphere through the small vent port c. the air in chamber b, abovo 
the governor piston will then escape to the atmosphere and allow the piston, apriog, and 

Snce tGe connection from the 'main reservoir to chamber d, is open only when the handle of 



head should be connected to the main i 



itdinp positions, in the other poaitiona 
tked JfR. in the maiimun 



!□ the eiceu pressure head ia cut out by the brake valve, or b? th 
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6, forces piston 5, and supply valve 5, to the right, closes port c, and stops 
the flow to the feed valve pipe. 

The regulating valve is operated by diaphragm H, When the pressure of 
regulating spring 17, on its right is greater than the feed valve pressure in 
chamber Ir, on its left, it holds regulating valve 12 , open. This causes the 
supply valve to admit air to the feed valve pipe. When the feed valve 
pipe pressure in chamber L, is greater than that of the regulating spring i7, 
the diaphragm allows regulating valve 12, to dose. This causes the supply 
valve to stop admitting air to the feed valve pipe. 

As explained on page 1,010 under H-6 automatic brake valve, in release 
position of the latter, the warning port is supplied from the feed valve pipe. 
This insures that the excess pressure governor head will regtdate the br^e 
pipe pressure in release position even though the feed valve be lealdng slightly 
out not enough to be otherwise detrimentel. 

Compressor Governor. — ^The duty of the compressor 
governor is to sufficiently restrict the speed of the compressor, 
when the desired main reservoir pressure is obtained, to prevent 
this pressure rising any higher. 

During most of the time on a trip, the automatic brake valve is in running 
position, keeping the brakes charged. But little excess pressure is then 
needed, and the governor regulates the main reservoir pressure to about 
20 pounds only above the brake pipe pressure, thus making the work 
of the compressor easier. On the other hand, when the brakes are applied 
(lai) position of the automatic brake valve, following the use of its service 
position) a high main reservoir pressure is needed to insure their prompt 
release and recharge. Therefore, as soon as the use of lap service or 
eniergency positions is commenced, the governor allows the compressor 
to work freely until the maximum main reservoir pressure is obtained. 
Again, when the brake pipe pressure is changed from one amount to another 
by the feed valve, as where a locomotive is used alternately in high speed 
brake and ordinary service, the governor automatically changes the main 
reservoir pressure to suit, and at the same time maintains the other features 
just described. 

Another feature is that the governor connections to the brake valve 
permit the engineer to raise and maintain the brake pipe pressure about 



Figs. 2,000 and 2,010 — Text continued, 

cock, the maximum pressure head will control the compressor. When main reservoir pressure 
in chamber a , ejtceeds the adjustment of spring id, in the maximum pressure head, diaphragm 
to, will raise its pin valve and allow air to flow into chamber b, above the governor piston, 
controlling the compressor as above described. The adjustment of spring 19,^ thus fixes the 
maximum^ limit of main reservoir pressure, during such time as the automatic brake valve 
handle is in lap, service or emergency positions. As each governor head has a vent port c, 
fxom. which a small amount of air escapes whenever pressure is present in x>ort b, to avoid an 
unnecessary waste of air, one of these should be pluagred. 
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20 pounds above the feed vaive regulation before camniendng and during 
the descent of steep grades, merely by the use of release position of the 
automatic brake vulve, the position which should be used during such 
braking. Fig. 2,009 is a sectional view showing governor mechanism. To 
adjust the excess pressure head of this governor, remove cap nut 25, and 
turn adjusting nut S6, until the compression of spring S7, gives the desired 
difference between main reservoir and brake pipe pressures. While adjust- 
ing the excess pressure head, the handle of the automatic brake valve should 
be in running position. To adjust the maximum pressure head remove 
cap nut i7, and turn adjusting nut J^, until the compression of spring 19, 
causes the compressor to stop at the maximum main reservoir pressure 
required. While adjusting the maximum pressure head the handle of the 
automatic brake valve should be on lap. It is recommended that spring S7, 
be adjusted for 20 pounds excess pressure, and spring 19, for a pressure 
ranging from 120 to 140 pounds, depending on the service. 




F[(;.2X>11.— Weatinghouiecombinedair, BtTSiner and cbezk valve. With thecut out cocV open. 
■iT fmm the brake Dine enters at BP, passes through the curled hair strainer, lifU check valve 
:rongs|)rin^ X, paasea thn:niBh the chcike bushing, and out atJIfR. to 
imnrtiog pressure tor operBting the bniJres on the locomotive. Tho 
' closed, and the handle of each brake valve i^ouM be, in 
wa .rm e ler, oro F ':^";^^g„=^^'^ 
ributing valve. It can 
■ner protects the check 
this valve seating and. 

_. . ,-,- ___acuig any leakage from 

r. The choke prevents a sudden drop in broke pipe pressure and the application 
In brakes, which would otherprise occur iritli aa uncbaiged main reservoir cut in 



Dead Engine Device. — This feature as shown in fig. 1,936, is 
for the operation of the locomotive brake when the compressor 
on a locomotive in a train is inoperative from any cause. Fig. 
2,011 shows the combined strainer, check valve, and choke. As 
these parts are not required at other times, a cut out cock is 
provided. 
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be supplied through the brake pipe from the locomotive operating the train 
brakes. 

Practical Points on Operation. — The following instructions 
are general, and must necessarily be supplemented to a limited 
extent to fully meet the varying local conditions on different 
railways. The instructions for operating the Westinghouse ET 
equipment are practically the same as for the combined auto- 
matic and straight air brake, hence no special departure from 
present methods of brake operation is required to get the desired 
result. Briefly the brakes should be operated as follows: 

When not in use, carry the handles of both brake valves in rtmning 
position. 

To apply the brakes in service, move the handle of the automatic 
brake valve to the service position, making the required brake pipe reduction 
then back to lap position which is one for holding all the brakes applied. 

To make a smooth and accurate two application passenger stop, 

make the first application sufficiently heavy to bring the speed of train down 
to about 15 miles per hour at a convenient distance from the stopping point, 
then release as explained in the following paragraph and re-apply as required 
to make the desired stop, the final release being made as explained below. 

Releasing Brakes. — ^With the changes in operating conditions and in 
train and locomotive equipments during the past few years it has become 
possible to obtain still better results in general train handling if the method 
of operating the brakes be also slightly changed to conform with the progress 
which has been made in other directions. 

This is especially true with regard to releasing brakes, and the general instructions 
which follow are intended to apply particularly to trains having modem equipment, 
that is, lai]^e compressor capacity, large main reservoir volume, hi^h excess pressure 
and operating under present day average conditions. They are not intended to apply 
rigidly to all individual cases or conditions, specific instructions usually being issued 
by each road to cover its own recommended practice. 

Passenger Service. — In making the first release of a two application 
stop, the brake valve handle should be moved to release position and then 
quiddy back to running position, where it should be allowed to remain for 
an instant (1st, to permit the pressure in the equalizing reservoir and brake 
pipe to equalize and 2nd, to release part of the driver brake cylinder 
pressure), then moved to lap position and from there to service position as 
required. In passenger service the time the handle is in release position 
should be only momentary but the time in running position should be 

such as the 
on. 



govemedjby the conditions existing for each particular case, 
length^ of train, kind of reduction made, time available, and so 
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CO nuuuns pounm, and 
iam it tiure. With Ions 
tnini, the bnkn illould. 



^fplicfttkm itop. 

Freight Sereiee. — 

Under present coadi- 
tions it is, as a rule, 
safest to come to a stop 
before releasing the 
brakes on a freight train, 
espedally a. long one, 
rather than attempt to 
Ion ^leed. 



equipped with type K, 
tnple valves) permit rf 
the release while in 
motion, the brake valve 
handle should be moved 
to release position and 
held there long enou^ 
to move as many of t£e 
triple valves to release 
position as passible 
witliout unduly over- 
charging the head end 
of the train (the time in 
release position should 
be governed by the 
lengto of train, amount 
of reduction made, etc) 
then returned to running 
pDsition to release the 
locomotive brake» and 
complete the recharging 
of Uie auxiliary reser* 
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A few seconds after such a release. xMuticularly on l<Mig traina, it is tiecessanr to again 
move the handle to release position and quicldy back to running position to Idck off" 
any brakes at the head end of the train that may have re-applied due to their auxiliary 
reservoirs having been slightly oyerchaiged. 

Holding Locomotive Brakes Applied. — If, when releasing as explained 
above, it be desired to hold the locomotive brakes applied after the otiber 
brakes release, move the handle from release bac^ to hold^g instead 
of running position, then releasing the locomotive brakes fullv by moving 
the handle to running position and leaving it there, or graduating them 
ofif, as circumstances require, by short, successive movements between hold- 
ing and running positions. 

A' little experience with the ET equipment wi^ enable the engineer to make smooth 
and accurate stops with muqh greater ease than was heretofore possible. 

To apply. tM brakes in emergency, move the handle of the automatic 
brake valve quickly to emergency position and leave it there imtil the 
train stops and the danger is past. 

When using the independent brake only, the handle of the auto- 
matic brake valve should be carried in rtmning position. The indepemdent 
application may be released ■ by moving the independent l^irake, 4^ye 
handle to running position. Release position is for use only whe^'^thi^Viito- 
xnatic brake valve handle is not in running position. ,, :V ;'^;, *: ' 

While handling long trains of cars, in road or switching service, 
the independent brake should be operated with care, to prevent damage to 
cars and lading, caused by running the slack in or out too hard. In cases 
of emergency ' arising while the independent brake is applied,- apply the 
automatic brake instantly. The safely valve will restrict the brake cylinder 
pressure to the proper maximum. 

The brakes on the loqjomotive and on the train may be alternated in heavy ghule service 
where conditions (such as short, steep gnrades or where grade is heavy and straight for 
short distance) require, to prevent ovenieating of driving wheel tires and to assist the 
pressure retaining valves in holding the train while the auxiliary reservoirs are being 
recharged. This is done by keeping the locomotive brakes released by use of the inde- 
pendent brake valve when the tram brakes are applied, and applying the locomotive 
brakes just before the train brakes are released, and then releasing the locomotive 
brakes after the train brakes are re-applied. 

Care and judgment should alwa3rs be exercised in the use of driver brakes on grades 
to prevent overheating of tires. 

When all brakes are applied automatically, to graduate off or en- 
tirely release the locomotive brakes only, use release position of the inde- 
pendent brake valve. 

The red hand of gauge No. 2 (fig. 1,963) will show at all times the 
pressure in the locomotive brake cylinders, and this hand should be watched 
in brake manipulation. 

Release position of the independent brake valve will release the loco- 
motive brakes under any and all conditions. 
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The train brakes should invariably be released before detaching the 
locomotive, holding with hand brakes where necessary. This is especially 
important on a grade, as there is otherwise no assurance that the car, cars, 
or train so detached will not start when the air brakes leak off, as they may 
in a short time where there is considerable leakage. 

The automatic brakes should never be used to hold a locomotive or a 
train while standing even where the locomotive is not detached, for longer 
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Fig. 2,013. — Installation diagram of New York 8>|J inch compound air compressor. 



than ten minutes, and not for such time if the grade be very steep or the 
condition of the brakes be not good. The safest method is to hold with 
hand brakes only and keep the auxiliary reservoirs fully charged, so as to 
guard against a start from brakes leaking off, and to be ready to obtain any 
part of full braking power immediately on starting. 
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The independent brake is a very important safety feature in this 
connection, as it will hold a locomotive with a leaky throttle or quite a 
heavy train on a fairly steep grade if, as the automatic brakes be released, 
the slack be prevented running in or out (depending on the tendency 
of the grade) and giving the locomotive a start. To Illustrate: — the best 
method to make a stop on a descending grade is to apply the independent 
brake heavily as the stop is being completed, thus bunching the train 
solidly; then, when stopped, place and leave the handle of the independent 
brake valve in application position, then release the automatic brakes 
and keep them charged. 

Should the independent brake be unable to prevent the train starting, the auto- 
matic brakes will become sufficiently recharged to make an immediate stop; in such an 
event enough hand brakes should at once be applied as are necessary to assist the inde- 
I>endent brake to hold the train. Many nmaways and some serious wrecks have resulted 
through failure to comply with the foregoing instructions. 

When leaving the engine, while doing work about it, or when it is 
standing at a coal chute or water plug, always leave the independent brake 
valve handle in application position. 

After an emergency application of the brakes while running over the 
road due to any cause other than intended by the operating engineer 
himself: 1, In passenger service move the brake valve handle to emergency 
position at once and leave it there imtil the train stops. 2, In freight service 
move the brake valve handle to lap position and let it remain there until 
the train stops. 

This is to prevent loss of main reservoir pressure and insure the brakes remaining 
applied until released by the engineer in charge of the train. After the train stops the 
cause of the appUcation should be located and remedied before proceeding. 

Where there are two or more locomotives in a train, the instructions 
already given remain unchanged so far as the leading locomotive, or the 
locomotive from which the br^es are being operated, is concerned. On all 
other locomotives in the train, however, the double heading cock under 
the automatic brake valve must be closed and the automatic and inde- 
pendent brake valve handles carried in running position. 

Before leaving the round house, the engineer should try the brakes 
with both brake valves, and see that no serious leaks exist. The pipes 
between the distributing valve and the brake valve should be absolutely 
tight. 



Air Compressor. — The compressed air for the air brake is 
supplied by an air compressor, driven by steam, and located on 
the engine. The compressor consists primarily of 1, an air 
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cylinder, in which the air drawn from the atmosphere is com- 
pressed; 2, a steam cylinder, located above the air cylinder, the 
two being connected by a suitable center piece; 3, steam and air 
pistons mounted on a common piston rod; and 4, a valve motion 
controlling steam admission and exhaust. 

The compressor is double acting, steam being admitted alternately on 
either side of the steam piston which, being directly connected with the 
air piston, causes both to move up and down. 

On the upward stroke of the 
air piston, the air above it is 
compressed and discharged 
into the main reservoir, while 
the space below is filled with 
air drawn from the atmos- 
phere. On the downward 
stroke, this operation is re- 
versed. The steam exhaust 
is piped to the amoke stack 
or to the exhaust cavity of 
the saddle. 

The steam valve should be 
located is the cab on the 
engineer's side of the steam 
turret with the handle in a 
convenient position for oper- 

The steam cylinder lubri- 
cator connection is taken off 
from the pipe between the 
steam valve and governor. 

A compressor governor is 

placed in the steam supply 

pipe between the lubricator 

and the compressor, its funo- 

^., „.. ^,,- , m.- tion being to start and stop 

^«f«"-'S;r^u'^SS faS ^"^"S^hU ^ the compressor automatioaUy 

used for many years ia connection w^th the G-6 within predetermmed pressure 

brake valve.but in theST equipment, it iaatUched limits. 

to a pipe bracket. The onl,. difference belwem it """"■ 

^'d1^;^^^r^'S™m^.r^V=""^^^ Compressor Troubles. 

"'Si^dy 8ut^."45 ^oi^dT T% ^^/"hil; — The following are the 

boi"'h^'wm%ij»w?he"ad^iing™nut, by whkS disorders most commoD in 

^^Chm"^ ^th'the'inde'iS^ndlft bi^iSS compTcssor operation, with 

f^i^ll^i^t,!^x^^^^^^ causes and remedies: 
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Compressor refuses to start. CAUSE: — ^insufficient oil, from scant 
or no feed or working water; leaky piston rings in the small ends of the 
main valve piston; or rust having accumulated diuing time compressor 
has lain idle. REMEDY: — Shut off steam, take off reversing valve cap, 
pour in a small quantity of valve oil, replace cap, and then turn on steam 
quickly. In many cases when the compressor will not start when steam is 
first turned on, if steam be then turned off and allowed to remain off one or 
two minutes, and then turned on quickly, it will start without the use 
of any oil, except that from tfie lubncator. 

CJompressor groans. CAUSE: — 1, air cylinder needs oil. REMEDY: 
1, put some valve oil in air cylinder. ' CAUSE: — 2, piston rod packing 
roQ dry and binding. REMEDY: — 2, saturate piston swab with valve 
oil. CAUSE ^— 3, steam cylinder needs oil. REMEDY: — 3, increase 
lubricator feed. ^^ 
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Pig. 2,015. — ^Installation diagram of Westirighouse 8 or 9H inch steam driven aif compressor. 
Piping. All pipes should be hammered to loosen the scale and dirt, have fins removed, and 
be thoroughly blown out with steam before erecting : bends should be used wherever possible 
instead of ells, and all sags avoided. Shellac or Japan varnish should be applied on the 
male threaded portion only, and never in the socket. Do not use red or white lead. The figure 
shows the r«:ommended arrangement and sizes of the piping for one compressor. The size 
of pipe, particularly of the steam supply pipe, should never be smaller than that indicated in 
order to obtain maximum efficiency from the compressor. The governor should be located 
in the steam supply pipe between the lubricator connection and the compressor in order to 
insure its receiving the necessary lubrication. The lubricator connection consists of a tee, 
the side outlet of which connects to tiie lubricator. In two-compressor installations, the gov- 
ernor should be located in the main steam supply pipe between the lubricator fitting and 
the steam branch pipe leading to each compressor. 



Excessive leakage past the air piston packing rings or past a discharge valve causes 
heating, destroys lubrication, and results m groaning. 

Uneven strokes of the compressor* CAUSE : — probably: 1, excessive 
leakage past air piston packing rings and sticky air valves; 2, improper lift 
of air valves; 3, clogged discharge valve passages; 4, leaky air valves; or 5, 
binding or cutting of the reversing rod. REMEDY: — ^locate cause, if 
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Figs. Z.OIS to 2.020. — Westingbousc air compresaor; sectional and dia^anunatic raws. F«. 
2.01S, Bcction through reversing valve; Gg. 2.017, main valve buihing: fia. 2.01S. Bection 
through main valve; fig. 2.010. up stroke diagram; fig. 2.020, down atrc^ diagram; figs. 
2.0ie and 2.020. aredistorted to show as clearlx as possible the connections of the variooi 
pcHls and passages but not the actual construction of the parts. Sttam and. Conaidering 

marked "fmra boiler," or "steam inlet," and flows through the passageways a. a", to the 
chamber A . above the main valve 83 and between the pistons 77 and 70, and through pas- 
sage e, to chamber C. in which is reversing valve 72. The supply and exhaust of ateam to 
and from the steameylinder is controHed by the main valve 83, which is a "D" type of shdc 
valve. It is operated by the two pistons 77 and 79, of unequal diameters and connected by 
«ie stem 81. The movement of these two pistons and the main valve is controlled by the 
reversing valve 72. which is in turn operated fay the main steam piston 65. by means at 
•- •■■ ■ ■- ^n irom the follow! - 
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possible, and correct it by cleaning out clogged or dirty passages and air 
valves, replacing worn or leaky valves or rings or straightening or replacing 
the reversing roa. 

Slow in compreastng air. CAUSE: — 1, leakage past the air piston 
packing rings, due to poor fit, or wear in cylinder or rings; 2, valves and 
passages dirty; or, 3, air suction strainer clogged. REMEDY: 1 and 2, 
to determine whidi is causing the trouble, obtam about 90 lbs. air pressure, 
reduce the speed to from 40 to 60 single strokes per minute, then listen at 
the "air inlet" and note if air be drawn in during only a portion of eadi 
stroke, and if any blow back. If the latter, an inlet valve is lealdng. 
If the suction do not continue until each stroke is nearly completed, then 
; there is leakage past the air piston packing rings or back from the main 
'reservoir past the air discharge vsuves. KEMEDY: — 3, dean strainer 
thoroughly. 

Compressor erratic in action. CAUSE: — worn condition of the 
. valve motion. REMEDY. — replace it. 

Compressor heats. CAUSE: — 1, air passages are clogged; 2, leakage 
past air piston packing rings: or, 3, the discharge valves have insufficient 
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Fip& 2,016 to 2,020,— Continued. 

are thus equalized or balanced.. Considering piston 79, the conditions are different. 
.Chamber E, as already stated^ is idways open to the exhaust. As piston 77, is now 
balanced, the steam pressure m chamber A, forces piston 70, to the left drawing with 
it piston 77, and main valve 83, to position shown in fig. 2,020. With main valve 83, in 
this position steam is admitted from chamber A, throug^h port cc'. above piston 65, 
forcing it down; at the same time the steam below this piston as exhausted to the atmosphere 
through port 6*,ft',d^xhaust cavity B, in the main valve, port d*,d\d and the exhaust pipe 
connected at Ex. when piston 65, reaches the lower end of its stroloe, reversing plate 69, 
engages reversing button k, and draws rod 71 , and reversing valve 72, down to the positions 
shown in figs. 2.018 and 2,010, and one complete cycle (two single strokes) of the steam end of 
the compressor has been described. Air end. The movement of steam piston 65, is imparted 
to air piston 66 , by means of the piston rod 65. As tiie air piston 66 , is raised, the ear above it 
is compressed, and air from the atmosphere is dra^n in b^ieath it; the reverse is true in the 
downward stroke. On the upward stroke of piston 66, the air being compressed sJbove 
it is prevented from, discharging back into the atmosphere by upper inlet valve 86a. As 
soon as tiie pressure in i>orts ryt below upper discharge valve 86c, becomes greater than the 
main reservoir pressure above it, the discharge valve 86c, is lifted from its seat. The air 
then flows past this valve down through chamber G, out at the "air discharge" and through 
the discharge pipe mto the main rjeservoir. The upward movement of the airpUton pro- 
duces a partial suction or vacuum in the portion of the cylinder below it. The air pressure 
below piston 66, and on top, of the lower left-hand inlet valve 866, becomes, therefore, less 
than that of the atmosphere in port n, underneath this valve. Atmospheric pressure there- 
fore raises valve 866, from its seat, and atmospheric air is drawn through stramer 106, at the 
"air inlet," into chamber P,,and port ft, below the inlet valve S6b, thence past that valve 
and through ports o and </, into the lower end of the air cylinder, filling same. Air canno^ 
enter this part of the cylinder by flowing back from the reservoir through passages D and G, 
and lower discharge valve S6d, since xnis valve is held to its seat by uie main reservoir 
pressure above it. The lower inlet valve 866, seats by its own weight as soon as the up stroke 
of tile air niston 66, is completed. On the downward stroke of the compressor, the effect 
just described is reversed, the air below piston 66, being compressed and forced out through 
ports p and p'^ past lower discharge pipe into the main reservoir. At the same time air 
IS being drawn m from the atmosphere thix>ugh the "air inlet" through chamber F and port I', 
upper inlet valve 86a , and ports m and m' , into the upper end of tiie air cylinder above the air 
piston 66. The inlet and discha»e valves of the 11 inch, 0^ inch and new pattern 8 inch 
compressors should each have a lift of ^ of an inch. 
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lift. REMEDY: — 1, clean air passages; 2, renew air piston rings; 3, 
regulate lift of discharge valves to ^ of an inch. A compressor in perfect 
condition will become excessively hot and is liable to be damaged if nm 
very fast and continuously, for a long time. 

Compressor Pounds. CAUSE: — 1, air piston is loose; 2, compressor 
not well secured to boiler, or causes some adjacent pipe to vibrate; 3, the 
reversing plate, 69, is loose; or, 4, the reversing rod or plate may be so worn 
that the motion of the compressor is not reversed at the proper time. 
REMEDY .'—repair and renew worn parts and tighten loose connections. 

Points Relating to Compressors. — In connection with the 
problem of good maintenance for steam driven air compressors 
of this type, the heating of the air cylinder incident to air com- 
pression is perhaps the most important. The operation of the 
compressor continuously at high speeds or against excessive 
pressures inevitably results in high temperatures which tend to 
destroy the lubrication, causing the air cylinders to cut, and the 
groaning of the air compressor, besides filling the discharge 
passages with deposits from burnt oil, producing undesirable 
condensation of moisture in the brate system, and in general, 
reducing the over all efficiency of the compressor. 

Under normal conditions, the speed should not exceed 140 strokes per 
minute and such a speed should not be maintained continuously for any 
considerable time, as even this speed will eventually cause excessive heating. 
Continuous running at high speed will cause excessive heating of the air 
end of the compressor. Chrerheating from this cause is an indication that 
a compressor of larger capacity is required. 

It is therefore desirable, first, that the compressor be of ample capacity 
for the service desired; second, that it be well lubricated and otherwise 
maintained in good condition; and third, that leakage from any source 
whether within the air compressor itself or in the brake system be minimized 
in every practical way. 

One of the most seribus leaks is through the air cylinder stuffing box as 
it not only greatly decreases the air delivered and, by the faster speed re- 
quired, increases the heating, but it also causes pounding through loss of 
cushion. When tightening the packing, do not bind the rod, as to do so 
will damage both the packing and the rod. Be careful not to cross the 
gland nut threads. 

With two compressors per engine, the separate throttles should be kept 
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wide open and the speed regulated by the main compressor throttle. The 
purpose is to divide the work equally. 

If necessary to replace a broken air valve on the road or elsewhere not 
permitting of proper fitting, at the earliest opportunity have the repairman 
replace the temporary valve with another so as to insure the correct angle 
and width of valve and seat contact, the needed ground joint and the 
requisite lift. 

Never remove or replace the upper steam cylinder head with the reversing 
v^ve rod in place as to do so will almost invariably result in bending the 
rod. A bent rod is very liable to cause a "pump failure." 

It is evident that a compressor cannot compress more air than it draws 
in and not that much if there be any leaka^^e to the atmosphere about the 
air cylinder. Bearing this in mind^ practice frequently listening at the 
**air inlet" when the compressor is working slowly while being controlled 
by the governor, and wherever a poor suction is noted on eitlier or both 
strokes locate and report the fault. 

Any unusual dick or pound should be reported as it may indicate either 
a loose jriston or a reversing valve plate cap screw or other serious fault. 

Any steam leakage that can reach the air inlet of the compressor should 
be promptly repaired as such increases the danger of water entering the 
brake pipe. 

Keeping the suction strainer dean is of the utmost importance, as even 
a slightly dogged strainer will greatly reduce the capadty where the speed 
is at all fast. A seriously or completely obstructed strainer, as by accumu- 
lated frost, aggravated by rising steam, will increase the compressor speed 
and wiil also be indicated by inability to raise or maintain the desired 
pressvu*e. 

It is an aid to good operation to thoroughly dean the air cylinder and its 
passages at least three or four times a year, by circulating through them a 
hot solution of lye or potash. This should always be followed by suffident 
dean, hot water, to thoroughly rinse out the cylinder and passages, after 
which a liberal supply of valve oil should be given the cylinder. Suitable 
tanks and connections for performing this operation can easily be arranged 
in portable form. Never put kerosene oil in the air cylinder to dean it. 
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CHAPTER 38 
MARINE ENGINES 



There are many types of marine engine, and these are due, 
not only to the varied conditions of service, but to the gradual 
increase in steam pressures resulting from improved methods 
and better materials used in boiler construction. The niunerous 
types of marine engine may be classed: 

1. With respect to the initial pressure, as 

a. Low pressure {^S?^,^. 

b. Medium pressure {^?^*? 

C. High pressure | q'SSmpfe expansion engines. 



NOTE. — Robert Fulton, though not the first to propel a vessel by steam, was the first 
to make steam navigation a success. Unlike those who abandoned their work after one or two 
unsuccrasful trials he had perseverance enough to continue iintil his efforts were succes^hU. 
In 1803. while in Paris, he constructed a small steam boat the trial trip being made on the Seine. 
The experiment was so successful that he had an engine built in England and then returned to 
America. In the spring of 1807 the "Clermont" was launched and the English engine was 
put aboard in August. This boat was 133 feet long, 18 feet beam and 7 feet m depth. The 
"Clermont" made a trip from New York to Albany (about 145 miles) in 32 hours and returned 
in 30 hours. The sails were not used on either occasion. This was the first successful long trip 
ever made by a steam boat. The engine of the "Clermont" was coupled to the crank shaft by 
a bell crank and the paddle wheels were connected to tibe crank shaft by gearing. ^ The cylinders 
were 24X48. Pulton afterward built several steamers the largest one measuring 2,475 tons. 
This vessel was built for the United States Navy and was a very large steamer for "Uiat period. 

NOTE. — ^While Pulton was building steamers with success, Stevens of Hoboken built a 
steamboat which showed great merit. He tised a horizontal sectional water tube boiler with a 
working pressure of over 50 lbs. per sq. in., the usual pressure at that time being 5 to 7 lbs. 
His engine was direct acting, condensing. The most remarkable feature was the use of a screw 
propeller oi four blades. 
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2. With respect to the stages of expansion, as 

a. Simple; 



r steeple; 
b. Compound { ^re and aft; 

I, three cylinder. 



' three oy\inder[^^i^. 



/double 



rr» • 1 • four cylinder Igteeole- 

c. Tnple expansion ^ isteepje, 

1 « ... /double 
fivecyhnder (steeple; 

-. J /triple 
SIX cyhnder \steeple; 

ffour cylinder; - 
five cylinder; 
SIX cyUnder(steeple; 

3. With respect to the method of operating, as 

a. Non-condensing; 

b. Condensing. 

4. With respect to the application of the power, as 

a. Screw or propeller; 

h PftdHIp /walking beam; 
0. raaoie \stem wheel. 

5. With respect to the position of the cylinder or cylinders, as 

a. Horizontal; 

b. Vertical 1^^^^'' 

c. Inclined. 

6. With respect to the moving parts as 

a. Reciprocating (lSS!e\'*S?'. 



NOTE. — In Stevens* second boat, the engines were of the same type as before, but twin 
■screws were used instead of a single screw. 

NOTE. — ^Although the screw propeller was introduced as early as 1804, it was practically 
given up and for about thirty years the paddle wheel was the principal means of propulsion. 
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6. 08cillatmg{^t|.«S^i*'. 

c. Rotary; 

d. Turbine. 

7. With respect to the division of power, as 

a. Single; 

J. Double {*jg«-. 

8. With respect to the cylinder^ as 



a. Lagged; 
h, Jacketted. 






V 

J 



,-^ ^». 



S.t4 



9. With respect to the frame, as 

a. Closed; 

h. Semi-open; 

c. Open. ^iv, 

10. With respect to di^jfe^^tfe 

a. Ligh^duty{^^j;;i^ 
6. Mediimduty{g:^~j| 
e. Heavprduty{'^. 

Characteristics of Marine Loads. — Marine engines operate 
most of the time at full load, the full load rating being higher 
than in the case of stationary engines, that is, the mean effective 
pressure and piston speed are higher in order to reduce the weight 
and space occupied by the engine. Thus more room is available 
for passengers and freight. 

The marine engine then, is inherently a heavy duty machine as compared 
with stationary engines, and because of Hie high piston speeds and high 
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mean effective pressures employed direct non-releasinF valve gear are 
used whidi cut off comparatively late, the standard cut off being sii-tentha 
stroke in multi-stage expansion engines. With this kte cut off, the expansion 
i£ not continuous but there is considerable drop in each cyhnder, and also 
because of this late cut off the cylinder ratios are greater than in stationaiy 



Via. 2.02B. — Rew two cflindcr (double) prapellet engiae, with loddss valvei. link motiim 
and cast iron f rameo, 

engines for a given number of expansion, llie hea^vy duty calls for a. 
rugged construction throughout, the bearings being large, connecting 
rods short with large ends, etc. 

Walking Beam Engines. — This type of engine occupies con- 
siderable space for its power because it is operated at low pressure 
and low ntunber of revolution. It is weU known on the lakes. 
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sounds, bajrs and rivers of the United States, has tisually only a 
single cylinder, with a stroke quite long in proportion to its 
diameter, and varying frequently between 7 and 12 feet. The 
walking beam engine is a good example of condensing operation 
with low initial pressure. 

The pressures in use are from 25 to 75 lbs. at the boiler; and 
the usual speed is from 20 to 30 revolutions per minute. The 
valve gear is almost always of the double poppet valve type, 
actuated by cams on a rock shaft. To secure expansion in the 
single cylinder, some form of cut off arrangement is provided, of 
which constructions the Sickels cut off gear is a well known one. 
Under the influence of a second eccentric, it allows the poppet 
valve to drop precisely by disconnecting it from the lifting rod. 
Reversal is effected by disconnecting the eccentric rods from the 
rock shaft lever and giving live steam by hand on the opposite 
side of the piston. This entire suspension of the automatic 
action of the valve, which would be impossible in quick running 
engines, proves exceedingly handy and serviceable in the beam 
engine. 

Where long continued backing is required, as in ferry boats, 
special backing eccentrics and rods are provided, which hook in 
when the forward eccentric rods hook out. Some engines have 
the loose eccentric reversing gear which consists of a single eccen- 
tric, which is free to turn upon the shaft and a disc keyed to the 
shaft, which is provided with a circular groove in which slides 
a block, attached to the eccentric. The ends of this groove limit 
the position of the eccentric to the proper angle it has to make 
with the crank. To reverse the engine, the valve gear has to be 
operated by hand for at least one half a revolution, for which a 
hand lever is used. 

The general construction of the cylinder and valve gear is 
shown in figs. 2,030 and 2,031. 
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The valves 3, are balanced and lift squarely off these seats, 
thus, without friction. The rock shafts are operated by the 
eccentrics by means of the rock shaft arms 8, the one seen at 
the left in fig. 2,030, is for the §team valves, the other for the ex- 
haust. To the rock shafts are attached the wipers 6, for the 
steam valves and 7, for the exhaust valves, which, when vibrated 
by the eccentrics, strike the lifting toes 5, which are attached to 
the lifting rods 4, raising these quickly, and thus by means of 
the attachment to the valve stems shown, raise the valves ofiE 
their seats^ thus admitting steam to the cylinder, and exhausting. 

• 

; To operate the valve gear by hand, the hand lever 11, is 
released from the hopjc which supports it at rest in its midway 
position, and thenvibrated it up and down. The steam valves 
are operated by means of the wipers 13, and the exhaust valves 
by means of wipers 14, attached to the small rock shaft 10, and 
striking the lifting toes 12. 

After the engine is well started the eccentric rods 9, are 
released by means of a lever, shown on the rock shaft, which 
holds them clear of the rock shaft arms, and the hand lever is 
hooked up in its stationary position, remaining at rest while the 
engine is running. The engipe shown is provided with loose 
eccentric reversing gear. 

The valve chests 2,2, are bolted to the cylinder 1. In thei 
position of the valves as shown, steam is passing through the 
column at the left (fig. 2,031,) and the exhaust through the right 
hand column. These columns also support the bearings for the 
rock shafts, their inner ends being supported by a bracket 
bearing attached to the cylinder. 

The support of the engine is derived from the so called "A" 
frame that provides bearings for the walking beam pins at the 
top and for the shaft at one side, and connects to the cylinder 
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Tics. 2.032 and 2,033.— Valve diaKnun for a beam engine with poppet valves. This diagram 
■hows the relative positions of the piston and poppet valve. The piston travels vertically, 

to he placed in vertical position and moved horiiontally, resting successively upon the toe 
in the positions from 1 . around to 7. for the steam, and on the other edae and other toe. 
from iG. around to 22, for the eihauit. 



MARINE ENGINES 1,053 

and guides on the other side, as shown in fig, 2,034, Great size 
and weight concentrated on a short length and a high center of 
gravity are characteristics in the beam engine that may finally 
cause it to be superseded by other constructions, regardless of 
the great popularity that it has enjoyed, except for vessels 
operatinfi in shallow waters. 



Plc. 2,03i — Diamm of walking beam engine showing arrangement of parts as cylinder, 
walking bom. A fmme, condenser, pumps, etc. 

HoiD to Set the Valves of a Walking Beam Engine. — Referring to 
figs. 2,030 and 2,031 and assuming that the rock shaft arm 8, is keyed 
on to the rock shaft in its proper relation to the center line of motion of the 
eccentric rod 9, and that the wipers 6, 7, are keyed on to the to(Jj shaft, 



MARINE ENGINES 



in their proper rdation to the rock shaft arm, which is always the case 
in properly constructed engines, the first step is to ascertain the jnxjper 
length of the eccentric rod, and the inost convenient storting point for 
doing so is from the center of motion of the valve gear. 

Hence, the first thing to be done in setting beam engine valves is to set 
and hold the rock shaft at the center of its motion, whidb is when the lifting 



ICS. 2,03S to 2.040.— WalLiing bum iDEini 
fig. 2,037. steam cylinder; ^. 2,038.^r 1 


s. Fig. 


2,03S, Bid 


e elevation; fig. 2.038. end view; 




id.conden 


ser^ fig. 2.039. pUa of bed plM,; 
air pump, and, the opening by 


ihowmg the pasuge eonnectina the coi 






which the foot valve ia introduced to it 


'•Hi 


"fig. 2,W 








! valves. In corutruellon. 


A, is the principal trame, B, keelsons: 


aa. fra 


mo legs; 


V."!aa.?ri, •■'■■)"■?:« 






(under side); 1. is a oolid web. rounded and in one piece with the center 2, by whii 
it 13 keyed to the rod. and with the circular flanse 3, at the circumference, upon iniich t] 

whole 13 covered in by a fiat plate 5. which holds down the packiog. and is bolted to tl 
body of the piiton; g. piston rod; hh. steam porta; K. links; D. Btwm chssti; 
chambers whence the steam is admitted to the cylinder; mm, the chambers int^ which ti 
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rods, 4, are down, the valves, 3, seated, and the lifting toes, 5, adji:^!^ the 

right cUstance from the rock shait, and straight with each other,::^'^!^ 

the ends of both wipers will be the same distance from their respective topS. 

Next put the main crank on the center, and turn the throw of the c^ce&ttic 







connactina the upper and under chunben, 



■team » (lucluuged from the cylmdet; mt, pipea connectina the upper M 
bolted tut to Dpper otwmbera, but coaneeted to the under Ch^mtwe by < 



(team valves; p, exhauet valvea; «r, valve atanu, bavins thefr lower eoda guided in inverted 
CBIM, introduced throuch the under lidea of the steam cGeiCs; thdr upper ends pau through 
Btumnsboui. and ore connected on the outside to tbetwacketaontbelift^iods; j, eteam 
pipe; c", throttle valve; i". cut off valve, worked by e cam RHd on the crank shaft, which 
works oa the lever t". the fulcrum of which is fiied on the tinAers of crar 
working the lever on the valve spindle br meant of therod /". the traverse sh 
and the rod h"i t. exhaust passage, connected to the paseege i', in the ca 
■team passages to the cylinderj dp, the lifting rods, with brackets. '1,2! 

a 3, the lifting faces; v, the traverse shaft; B, guides'; F, walking beam; 
rods; a", eccentric ; y^. eccentric rod. Iiavingits length divided, at a point 
into two parte jointed together, thrt longer and heavier part next the ecc 
ported on a vibratina joint. By this means it becomes an easy matter 
rod f mm the lever of the traverse shaft, which ie done by means of a small 



around, thus discharging more effectually and rapidly t^ 

copper, and riveted to the air pump by means of a vertical Qange^ r', waste pipe; i^, feed 
pipe; *', hot well overflow pipe; u, air pump drive rodj v', air pump crosshead guide; M, 
feedpump; i", pump rod, moving in the ^ides y''/, driven from the beara by uie rod f". 
M'. IS the tulge pump; N. the bed plate; >". the foot valve. 
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Now (if the engine be of the style that has two eccentrics and two rock 
shafts), proceed in Hie same manner with the exhaust valve gear and the 
valves are set. 

To prove the accuracy of adjustment, turn the main crank to its opposite 
center, and if there be a difference in the lead, either lengthen or shorten 
the eccentric rod to make up half the difference, and turn the eccentric to 
make the other half, fasten the eccentric on the shaft and the valves will 
be right. 

Inclined or Diagonal Paddle Engines. — ^This type is 
simply a horizontal engine set at such angle as to suit the height 
of the shaft at one end and the frames of the vessel at the other. 




Fig. 2,042. — Double opppsed diagonal engine showing arrangement of condenser and air 
pumps. 

It takes up considerable distance in a fore and aft direction, and 
is somewhat heavier and more expensive than the other forms of 
paddle engine. 

This engine is extensively used in Europe for paddle wheel propulsion, 
and conveniently allows compound and triple expansion arrangements, 
thereby ensuring economical use of high pressure steam. 

The revolutions are usually higher than with the beam engine, while the 
stroke is correspondingly reduced. The valves and valve gears are 
similar to those of vertical screw engines, with link and radial gears in 
favor for reversing. The position in the hold of the ship allows a strong 
arrangement, with fairly good access to all parts. 



Stem Wheel Engines. — There are many important runs to 
be made on shallow rivers and lakes, where owing to the lightness 
of draft required, no type of steamer can be satisfactorily used 
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5 except the stem paddle 

^ wheel. For many pur- 

I poses, boats of this kind 

I are altogether the most 

fe desirable that can be, used. 

■| The machinery consists 

■o of a boiler whose type is 
a . governed principally by' 

I the Idnd of fuel that is to 

"■^- "beused. 

^ The engines, two in 

s number, are connected by 

I wooden or metal con- 

I necting rods to the double- 

* throw cranks arranged at 

B ninety degrees on the ends 

I of the paddle whed shaft. 

I They are reversed and con- 
■3 trolled by a single lever, 
,| which may be located mid- 
5 way between the two 
J engines or at one side of 
g the boat, or may be located 
■S| forward on the pilot house 

II as desired. 



The noticeable advance- 
ment that has taken place 
in the design and efficiency 
of small and medium size 
stern paddle wheel machinery 
is clearly due to the necessity 
for higher power and 
reduced weights, resulting 
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The engines usually have a stroke four times the cylinder lliftlrieter, 
while the valve gear used is of various types as shown in the accoJniAnying 
cuts, slide, piston, and poppet valves being iwed. :' ; ■!> 

Unbalanced slide 
valves are not desii^le, 
especially for high pres- 
sures, becauE^, jt .^was 
found that owing to the 
excessive load on the 
valve under high boiler 
pressure, the long eccen- 
tric rods would vibrate 
and back lash, thus 
having an unfavorable 
effect u^n the steam 
distribution. 

Poppet valves ^^- 

4 ated by long catn 6tiv%a 
■fl levers are extensively 
3 used. . The stroke of the 
g engine as mentioned, is 
,S long in proportion to the 
^ cyhnder diameter, the 
■| standard ratio being 4 
- to 1. The usuall-ange of 
I sizes for high pressure 

5 engines range ftoia 3Ji 

■s xu. touxep. 



cessful steam taaft are 
more numerous and con- 
flicting when the boat is 
to be used for, general 
business purpofeea on 
shallow, rapid riivers, 
than is commonly un- 



The machinery, eqirip- 
ment and power must be 
proportioned, not only 
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to the hitll, the load, and the runs to be made, but more especially to the 
shallow water and swift current, requiring careful distribution of the 
weights, while the character of the feed water and fuel must also be con- 

As to the best proportion of hull length, depth, and bearing lines, that 
depends on operating condition, draft c^ water, amount and consequent 
w^ht of power required. 

The following table, which represents the practice of the Marine Iron 
Works of Chicago, will serve as s. general guiQe in proportionii^ hull and 
engines. While the drafts of the several sizes is given very Hgbt it is 
recommended when conditions permit, to employ a deeper draft. 




Pig. 2,018.— Reea high pressun 



Ti wheel rotary vatve en 
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Figs. S.M7 and 2/Ha— Sectional views of Veat 



. cam driven poppet valvei 



the method of combined variablr lap aid mriabtr 111 

direct passaga of steam to ie piatan. Tlie lap of the cut on vaj 
levera connected to valve rods, and to a dlding block m the disc. 






Lf^f^ 



afrs 



I of 



Ifl, and to a dlding bl ^ 

spread as the block is moved upward, thereby adding to the lap 

and chan^ina the travel at the same time. The disc is pivotly supported on a bracket centrally 

located between the steam chests, if there be two chests, or in the center if there he only one. 

The driving rod is connected to the main eccentric rods. The gear operates through its 

range ri cut oS without cnuoiiiiig the eitaauit. 
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nd by blocking up ths 
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Hparate cuC ofl cam is fitted fortheeo ahead motion. The cross heads of these coginei ara 
..uraaily oe the iocomotive type, with long brass piba bearing on the top and bottom guidej. 






The connecting rods are commotdy of wrought iron or wood, with iron or steel fittings, and 




' iarmamoi the most peculiar festuresof these engines. Wood is often thus pieferrred over 




. BMtal because it eeema to he better capable of standing the shocks and peculiar twisting 




Mniiu which come upon the rod. and in spite of the strangeness of the combination, in somi 




■jnoiieraboatsia found a nickel steel paddTe shaft wiUi a wooden connecting rod. The rods 




WovwTlong frequentls; as jnuqh as eight tlma the crank, and the best rods are made o( 




Oregon fir, remforced with brass stnips which are let into the body of the rod and through 
bolCed. Tlie eoda of tlu rodg are fitted with biug boxes with atrapa, sibi, Iceyi. etc. 




K. 
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Stern Wheel Steam Boat Proportions 



\ 














Approx. 
fuelcon- 






Length 

of hull 

feet 




Beam 

of hull 

feet 


Width 

on deck 

feet 


Draft 

unloaded 

inches 


Capacity 


■n 

30 


sumption 

ten (10) 

hours 


Double engines 


CO 


1 


Draft 
inches 


^ Soft 
coal 
tons 


Wood 
cords 


Diam. 
of cylinder 
and stroke 


Indicated 

horse power 

150 lbs. 

pressure 


A 


60 


59 


14 


15 Vi 


12 


10 


20 


2 


5X20 


30 


B 


65 


76H 


15 


17 


12 


17 


20 


55 


IH 


2H 


6X30 


45 


C 


70 


82 Ji 


16 


18 


14 


20 


21 


80 


IH 


2H 


7X32 


62 


D 


80 


94 


18 


20 


15 


25 


24 


110 


2 


^V2 


8X36 


75 


E 


90 


103 


22 


25 


16 


30 


24 


150 


2K 


4 


9X42 


111 


P 


110 


125 


25 


28 


18 


50 


28 


225 


3 


5 


10X48 


157 


G 


135 


154 


30 


33 


22 


100 


32 


300 


4 


7 


12X60 


214 



NOTE. — ^The following from James Reese & Sons Co. of Pittsburgh gives some interesting 
data on Western river steam boat practice: "The machinery used on the boats is mostly of the 
high pressure type, especially on the smaller boats, as it has been found more practical, econom- 
ical and simple m construction, with all typ^ of valve motion, from the slide valve, balance 
slide valve, slide valve with poppet cut off, piston valve with poppet cut off, piston valve with 
the slide or piston cut off valve on the top or side, and the piston valve with the variable cut off 
valve working within the main valve, the rotary valve in center or at each end of cylinder, 
the lever poppet valve with balance piston to same, known as the Frisbee or Moore valve, to 
the double balance poppet valve; the lever poppet valve is considered the most economical, 
durable and simple valve motion that can be constructed on engines of the lare^er type. One 
has only to glance at the rise and fall of the levers to see if the i>roper valve motion be given to 
the engmes, and with the adjustable cut off and inside cam motion has been found practically, 
in comparison with all other valves and valve motions, to be the very best that can be^put on 
steamers for river navigation. The very many improvements which have been made on steam 
vessels ori^nated on the stem wheel boats. In years past, the boiler feed pump was attached 
to the engines, and had to be disconnected when not pumping water to the boilers; then came 
the horizontal pump known as the wheel barrow pump; then came the Doctor, a vertical 
fly wheel boiler feed pump, having two cold and two hot water pumps with heater attached, 
and which is to-day in use on most all of our river steamers. The steam cai>stan was introduced 
on these boats in 1855, and the engine that was attached to the capstan and freight hoisters 
was thereafter called the nigger engine, so called inasmuch as it superseded the "colored deck 
crew" in changing from hand to steam power. The first double compound engines, known as 
the clipper engines were used on boats on the Ohio River in 1843. The first double or twin 
wheels, with one pair of engines to each wheel were used on stem wheel boats on the Ohio River 
in 1853. The balance rudders were patented and first used on our stem wheel boats in 1855 
and 1856. Boats with rudders at bow and stem on stem wheel, side wheel, twin hull or cata- 
maran with wheel in center, and the stem wheel working in recess in the hull were all in use on our 
rivers between 1840 and 1855. With the advent of the proi)eller, the propellers working at the 
stem, at the bow, and in recess in hull or tunnel in bottom of the boat as well, it may be truth- 
fully said steam vessels of all known types have been operated on our rivers prior to 1860. Our 
small tow boats operating on the Monongabela River transport coal between given points Sor 
four cents per ton; while the rate by rail between the same points is forty-five cents per ton. 
And from Pittsburgh to New Orleans, a distance of two thousand miles or more, coal is trans- 
ported for less than one dollar per ton. It has been practically demonstrated and caxmot be 
denied that the stem wheel steamers engaged on our Western and Southern rivers in the 
passenger, freight and towing traffic have no equal for draught of water when light or when 
loaded, their superiority in handling, or soeed when loaded to cargo capacity. 
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Pic. 2,058. — Maiiae Iron Worte open (rout si 



Vertical Inverted En- 
gines. — Most marine 
engines belong to this 
general class in which the 
cylinder or cylinders are 
directly over the shaft. 
They may be simple, 
compound, triple, or 
quadruple expansion 
according to the degree of 
economy required. 



Simple Engines. — 

Where simplicity, dur- 
ability, and large power 
for the space occupied by 
the engine are the chief 
considerations rather 
than economy, a single 
cylinder engine is per- 
missible. 

Before the gas engine 
came into general use, 
single cylinder steam en- 
gines were largely used 
on small and medium size 
laimches, where only 
moderate speed was re- 
quired, their popularity 
being due to durability, the 



8x5^'.^ ta1<iT*"' "" ™'" """* ^ ^' little and comparatively 
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unskilled attention nec- 
essary in' their manage- 
ment a§ well as small 
first co^. 

At p^ssent, the only 
single cylinder engine 
extensively ''used is of 
considerably larger size, 
as is found on some 
tugs, lighters, and other 
working boats. /With 
respect to the valve 
gear and degree of 
economy, single engines 
may be classified as : 

l.i Ordinary slide 
yajve; 2, Piston valve; 
*'^. Riding cut off. 

Notwithstanding the 
very poor economy o£ 
single cylinder engines, 
even when run condensing, 
many tugs and lighters are 

condensing, the laree 
clouds of "Steam" visiUe 
and the labored puffings 
are eloquent evidence, of 
willful waste, or a ncm- 
consideratioa of the saving 
due to condensing. 

The arguments (if any) 
usually advanced to 
justify high pressure 

Pig. a.OM.— Marine Iron Worb 



I. i>teveat lateral or tf 
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operation, are: short runs, long stand by periods, and frequent manoeuvring 
around docks, as well as, lower grade labor, and freedom from oil in the 
boiler. Notwithstanding, all these items the author has always held 
that the practice of operating single cylinder marine engines non-condensing 
is not justified under any condition unless fuel is to be had at an extremely 
low cost. If the boat is to navigate contaminated waters tmfit to pass 
tlux)ugh a surface condenser, a jet condenser could be used. 

It would be a very poorly proportioned plant that would not show 
16 per cent, saving by installing a condenser, and to illustrate, suppose a 
lighter with a 500 horse power non -condensing en^ne reqiiired 45 lbs. of 
f^d water per horse powa: hour and the evaporation, from and at 212®, 
was 8 to 1, then the coal required per hotu: while running would be 

500X45-5-8«2,8131bs. 

The coal saved by using a condenser would be 

2,813 X. 15 « 422 lbs. per hour. 

Assuming the boat w^ operated only five hours per day then the saving 
per working year of 300 days would be 

422 X5X300 +2,000 « 316 J^ tons 

which, with coal at, say, $4.00 per ton, would be 

316HX4 =$1,266. 

These working boats probably averajge more than five hoin-s per day 
and it is safe to say that the saving during the first year would more than 
pay for the cost of the condensing apparatus, up-keep, and extra expense 



NOTE. — Counterfeit marine engines. The following quotation from the Manu- 
facturers' Record, Baltimore, Md., thotigh relating to small engines (4 to 10 inch cylinders) 
contains advice, some of which may be considered in the purchase of larger engines: "It not 
infrequently happens that ordinary 'manufactured' vertical stationary engines are stripped of 
their base, balance wheel pulley, governor, etc., and with a reversing gear substituted are offered 
the unsuspecting buyer as a 'Marine Engine,' although for obvious reasons this does not apply 
to large sizes or to experienced bujrers. The 'counterfeits' are easily detected, even from an 
engraving or from the usual details of construction that any buyer can fairly insist upon 
having when ordering. For instance, 'bottle' or similar shape frames, with crankshafts 
propped up high, rendering it difficult (size considered) to fasten the engine firmly in position 
or keep it lined up,' and practically impossible to prevent excessive vibration; while as to 
accurate counterbalancing, suitable steam passages for high pressure and resultant piston 
travel, adjustments for taking up the wear, etc., they all appear to be an unknown quantity. 
That such machinery, though short lived, is troublesome dunng its existence , is manifest. Next 
in importance to the design of a genuine marine engine is the proportions of the working parts, 
'such as crank, crank pin, connecting rod, etc. All wear on reversing link, link block and link 
knuckles should be adjustable, every one of these adjustments being of value to the user. 
Additional value is gained by having the quadrant made double, with the locomotive reverse 
lever working in the center, attached by double connection on each side of the link block, and 
thus preventing lateral strain. Although a customer may in good faith accept (along with a 
low price) a statement that 'those little features are of no benefit except to talk on' the engine 
wUch lacks them enters a noisy protest before its first season closes and earnestly begs to be 
run slow, just at a period, by the way. when its 'well put up' neighbor is doing double duty 
without a munnur and making that little saving in first cost apx>ear somewhat irritating.". 
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if any, for higher grade of engineer, making the practice of high pressure 
operation inexcusable. 

A very common mistake, and one which tends to prejudice boat owners 
against the use of condensers, is the installation of engines too small for 
the load making it necessary to use initial pressures anywhere from 100 
to 150 lbs. gauge. An engine operating tmder these conditions cutting 
off at one-third or one-fourth stroke w2l have a terminal pressure con- 
siderably above atmosphere and to obtain a 24 or 26 inch vacutun would 
require an abnormally large (and expensive) condenser, moreover the 
exoessive temperature range will cause excessive condensation in the 
cylinder and considerably reduce the saving due to the condenser. 

The author believes that 80 lbs. gauge initial pressure should be the 
limit for single cylinder engines and for maximum economy, there should be 
from 6 to 7 expansions with not less than 26 inch vacutun, using superheated 
steam with unjacketed cylinder or satiu*ated steam with jacketed cylinder. 

The following examp>le will illustrate the difference in size of a sinjg;le 
cylinder engine proportioned according to the usual practice and accordmg 
to the author's views. 

Example. — ^Find the cylinder dimensions of a 500 horse power, single 
^linder, lighter engine operating tmder the following conditions: Case 
Mm Initial pressure, 125 lbs.; cut off ^ stroke; back presstu-e, 3 lbs. abs. 
(23.8" vacuum); 110 revolutions; tmjacketed cylinder, diagram factor .8. 
Case 11. Initial presstire, 80 lbs.; cut off, Vt stroke; back pressure, 2 lbs. 
abs. (25.9" vacuum); 125 revolutions; jacketed cylinder, diagram factor .9. 

Case /. Usual practice 

125+15 « 140 lbs. abs. initial pres. 

M. E. P. = ('^^^^•^^ — 3^ X.8=76 lbs. 

For 36^^ stroke ^»^« 

500 . 23X36 

piston ^^^-000004^x3^X110X7% "^^^ ^^' ^^' 



i 



piston diameter =^/-ll^= 22.9, say, 23". 

.7o54 



Case IL Author's proportions 

80+15=95 lbs. init. pres. 

M. E. P. = / 95X2.946 __2'j x .9=34 lbs. Size 

For 36'' stroke 

500 

piston area -.000004X36X110X34""^^^ ^' ^^' 



34}4 X 3S 



piston diameter =J-^j = 34.4, say, 343^". 



.7854 
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COMPOUND ENGINES 




ZCYL STEEPLE THREE CYLINDER STEEPLE FOUR CYLINDER DOUBLE STEEPLE 




Fics. 2,063 to 2,068.— VarkMU 
typM of compound engine. Fij. 

2.062, two cylinder itecple; fif. 

2.063, three cyUsder iteeple; fli. 

2.064, four cyllDdcT ttcapk: 
fig, 2.065. one vKlw ■■- 



compound! fig. ^,008. thnacylia- 
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According to tests* a saving as high as 40.4 per cent has been made by 
the use of steam jackets/ on a single cylinder Meyer cut off engine. 

Case II, furnishes ideal conditions for the use of a jacket, and having 
in mind the large clearance of the Meyer cut off and the effect of clearance 
on economy, it would seem possible to still further reduce the feed water 
consumption by the use of rocking valves located in the heads. In regard 
to clearance, it should be noted that its detrimental effect is not measiurSi in 
terms of per cent of displacement of full stroke but per cent of displace- 
ment up to point of cut off, and at very short cut off, as one-seventh, this 
becomes considerable; accordingly with the ordinary clearance, the saving 
due to the short cut off is largely offset. 

The, author believes that the feed water constmaption of the ordinary 
single cylinder marine engine can be reduced at least 50 per cent, with the 
following design and working conditions; cylinder and heads steam 
jacketed, four rocking valves m the heads (reducing clearance to almost 
zero); variable cut off by shifting, eccentric; separate eccentric for ex- 
haust valyes; 80 lbs. initial pressui:^; 6 to 7 expansions, 26 inch vacutma; 
speed somewhat higher than usuial practise to avoid an abnormally larger 
engine for the power delivered. 

Compound Engines. — ^Por moderately short runs, and for 
vessels requiring quick and frequent manoeuvring around 
docks, the compound engine can sometimes be used to better ad- 
vantage than the triple engine. As compared with the latter, 
compoimd engines cost less, are easier to handle, and less boiler 
pressure is required to secure good results. There are several 
types of compound or two stage expansion engines, which may 
be classed according to the arrangement of the cylinder, as 



1. Steeple 

2. Fore and aft; 



^wocylinder 3^ gide valve; 

four " 4. Three cylinder. 



♦NOTE.—Special attention is called to these tests, which were made by Bryan Donkin» 
and described in the note on page 108: those interested should read the report of the research 
committee on the value of steam jackets comprising an elaborate series of experiments (see 
Pro. Inst. Mech, Eng. 1892, page 464). // ahould be noted, as stated above, that the steam 
jacket saving of 40.4 % was obtained with an engine fitted with the Meyer cut oflf gear — a gear 
not adapted to obtaining best restdts possible with a very early cut off because of the lar|:e 
clearance. This large clearance may be reduced to almost zero by the four valve engine shown in 
fig. 2,060.' As shown, a shifting eccentric operates the admission valves, and a fixed eccentric 
the e^diaust valves. With this arrangement the best economy possible for a given cut and 
temperature range in a single cylinder counter flow engine with non-releasing valve gear should 
be obtained. 

/NOTE. — ^The diversity of opinion which still exists as to the value of the steam jacket 
is due to its mis-application, the tests in such cases being misleading except to the better 
informed. A jacket should only be used with a very short cut off, and to obtain the full 
economy the clearance, as mentioned above, should be reduced to a minimum. For maximum 
effect beads and piston as well as the cylinder should be jacketed and proper Provision for 
drainage made. See Prof. Prosser's tests. 
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For small and medium size steam craft, especially for hard 
working boats where economy of space is of extra value, a two 
cylinder steeple or vertical tandem compound engine is often 
desirable, as shown in fig. 2,070. 

. Two other possible arrangements are shown in figs. 2,060 and 
2 ,061 ; with the present boiler pressure such construction does not 
represent good practice, but was permissible in the early days of 
low boiler pressures in the case of very large powers. 




Fig. 2,070. — View showing arrangement of Marine Iron Works heavy duty steeple compound 
and vertical boiler in working vessel. The dimension shows the space occupied by a 50 /». ^. 
outfit. 

Figs. 2,062, 2,065 to 2,067 show four types of two cylinder compounds. 
In fig. 2,065, only one valve is used maJdng it necessary that the cranks 
be at 180° or nearly so. The arrangement gives simplicity and better 
balance than 90° and is sometimes preferred (especially in the small and 
medium sizes) for these reasons, but has the disadvantage of dead centers. 
To overcome this the crank angles of 175° or 185° are sometimes 
used, the .J)alance of moving parts being practically as good as with 
1^6 180° angle. The most popular type of compound engine especially 
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Pics. 2.071 to 2.079. — Grahsm special tnp-cvlfndei'. double acting, transfer expansion, 
iocketted. oscillatJnSh marine eneine* with feed and air pumptt attached and ball thrust 
bearing. Pig, 2.071. elevation; fig. 2,072, aft end view; fig. 2,073, plan; fie. 3.074. Bectioa 
of reyeraingvalvB through AB; fig. 2,075, transfer cylinder porta; %,2,t]l76, valve aeat ei- 

flg. 2,079, reversing valve. The engine ia reversed by turning the reversing valve lever 
aSoutOO". Owing to the highspeed of the engine the pumps are geared down u ihoim in 
fig, 2.072, The arrangement makea a very light and unique engine for b small high speed 
boat, and one that does rrot reguire superheated steam, being designed for satHfaUd ateam 
of moderate pressure. The lii and 1 by e in. stroke size at 1,000 r.p.m. (or the IH 
and 4 by S in. size at 750 i.p.m.) will develop about IS hone power with 100 lbs. boiler 
presjure. 

blue prints) ndth all dimensioiu nweiiaiyto build the 

lepublisherL 
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for snail and medium powers is 
the fore and aft engine shown in 
fiE.2,066,withcranksat90°. The 
valves being at the ends gives an 
amply lai^e •—=•""=- 



In order to economize fore and 
aft space the side valve arrange- 
ment shown in fig. 2,087 is used. 
This requires toothed gears to 
drive the valve shaft and unless 
of good design and well con- 
structed is liable to give trouble. 
The method of reverse is shown 
in figs. 543 to 649. Another 
objection is the large clearance 
in the ft. p. cylinder necessary 
to bring the valves in line wiUi 
the valve shaft when the latter 
is parallel with the main shaft. 
However, this type has been very 
extensivdy used especially oa 
yachts. 

Fig. 2,068 shows a three cylin- 
der conlpound with the two I. p. 
cranks at 180° to each other and 
at 90' with the ft. p. crank; this 
arrangement, though quite ex- 
tensively used, even in medium 
powers, is open to criticism and 
the author does not see the 
wisdom of such construction 
under any conditions. 



Triple Expansion En- 
gines. — This form of marine 
engine is more extensively 
used than any other for 
medium and large powers, 
as for coast and ocean 
steamers. Triple expansion 
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engines are made in an unnecessarily great variety of cylinder 
arrangement as shown in figs. 2,085 to 2,092. 

Pig. 2,386 shows the natural sequence of cylinders; h.p., int. and i.p. 
This is the most used type, steam going directly from oae cylinder to 
another. Frequently the cylinders are arranged in this sequence with side 
valves, as in fig. 2,086, givmg the minimum piping between cylinders. 

Pigs. 2,087 and 2,088 show two cylinder arrangements which require more 
piping and possess no advantages over the natural sequence shown in 
fig. 2,085. 



Pic. 2 /)9S.—Seiilmiy 27S born powar thne cyUoiler triple upaiuion yacht angme. siM 8 X 13 U 
and 20X10. 

Fig. 2,080 shows a three cylinder steeple, a. questionable arrangement. 
The usual arrangement of four cylinder triple is shown in fig. 2,090, the 
two I.p. c>;linders being at the ends, the objects in view being to improve 
the balancing, and for large power to avoid a very lart>e casting for the 
i.p. cylinder. 

Fig. 2,091 shows a five cylinder steeple arrangement for h^h power and 
^. 2,092 a six cylinder steeple engine for exceptionally lan^ power. Intlus 
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The engine is of the same horse power as the single cylinder 
engine in the previous example, but is intended for a very 
different kind of service. 

Example.— Find the cylinder dimensions of a hi^ii speed triple expanaion 
ei^ine for a passenger steamer to run as fallows: initial pressure 160 lbs.; 
number of expansions, 19; 2 lbs. back pressure; 140 revolutions per minute. 



)5. — Seabuty 600 horse jiower IS inch Btroke engine, n 



inscribing within, diagrams for the various cylinders of such contour as will 
represent the expectrf actual performance of the engine. It is evident, 
then, that the success of this method depends upon the experience and 
judgment of the designer in drawing these "expected diagrams," their 
forms being obtained by first examining a large number of indicator dia- 
grams from engines similar to the one to be designed and running under 
the same conditions with open column frame, and built up bed plate. 
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In fig. 2,096 lay off the axes OY. of pressures and OX, volumes. On OX, 
take any convenient distance / ' and divide it into 16 parts — ^the total 
number of expansions. 

Locate A, at a height equal to the initial pressure or 160+14.7 = 174.7 lbs. 
absolute. Since there are 16 esmansions draw AB » Vie of ^*\ ^^^ describe 
the hyperbolic expansion curve BC'CDE. Draw GF, the 2 lbs. back pres- 
sure line thus completing the theoretical diagram ABC'CDEFGA which 
is the total theoretical work area of the engine. 

It is desirable, in order that the stresses may be equally divided, that 
the cylinders develop ^tial power. Hence, with planimeter, locate by 
trial the lines HC and G'D, so that they divide the diagram into three 
equal areas ABCHA, HCDG'H, and G'DEFGG'. 

By measurement, the pressures corresponding to G' and H, are 15 lbs. 
and 48 lbs., these are placed to the left of the vertical axis of presstu*es and 
in the second column the temperatures corresponding to these pressures. 

For equal theoretical areas then the range of temperatures in the different 
cylinders is:., A. p, 92**; i, p, 66**; /. p, 87^ 

Since the main object of multi-cylinders is to reduce the loss due to con- 
densation by reducing the range of temperature in any one cylinder, best 
economy then will be secured by equalizing the temperatCires obtained 
above. 

Equal distribution of work and equal temperature ranges being opposing 
factors, the area may be modified to secure only approximately equal 
distribution of work. In the diagram, the greatest difference in ranges is 
between the h. p. and i, p. cylinders^ hence taking an average of these by 
moving the line HC, up to H'C', the ranges will be found very nearly equal in 
all cylinders, giving the theoretical areas ABC'H'A, H'C'DG'H' and 
G'DEFGG'. 

The next step is to find the cylinder ratio and sketch in the ''expected 
diagrams," as explained in fig. 2098 which, as mentioned are made to con- 
form with indicator cards from similar engines operating tmder similar 
conditions. These expected diagrams are the white areas marked H P., 
I. P., and L. P., the solid black areas, representing the drop losses and the 
cross sectioned areas, those due to condensation and friction of the steam 
in passing through the valves and passages. 

At this stage it is well to check the judgment used in drawing the ex- 
pected diagrams by finding the diagram factor and comparing this with 
diagram factors of similar engines already built and tested. This factor is 
the ratio between the sum of the areas of the expected cards and the area of 
the theoretical diagram, and is, as tabulated in the figure, .71. Here it 
should be noted that the diagram factor for triple expansion engines may 
be as low as .6, depending upon the type of engine and operation, hence, 
in actual design, if a diagram factor less than .71 were aimed at, the ex- 
pected cards as drawn in fig. 2,096 would be cut down until the desired factor 
was obtained. In such procedure, it would help to obtain diagram factors 
also for each cylinder and compare them with known factors from other 
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engines in operation. Because of the late cut off used on marine engines 
the expansion is not continuous but is interrupted by drop at release, or 
sudden fall of pressure due to free expansion in the receivers. 



100 




LBS 



THERMAL 



THROTTLING 



CXI. FT 



Figs. 2,097 and 2,098. — Combined diagrams illustrating the diagram factor in multi-stage ex- 
pansion engines. Prof. Heck says: "One method is to take the ordinary- combined diagram 
with the clearance line as vertical axis, and draw the hyperbola to touch the h. p. expansion 
curve at cut off, extendinff it from the boiler pressure to the end of the /. p, diagram. In 
fig J2,QQSf this makes ABCDR, the ideal figure, though some engineers have used the base 
line OT, instead of the condenser pr^ssiire line RD, as the bottom of the diagram. Using 
RD, the area of the indicator diagrams is 67.2 per cent of the area of ABCDR. Busby 
gives a collection of factors which lie in the neighborhood of .67 ranging from .6 to .75 for 
various classes of marine engine. The really logical scheme is to transfer the diagrams into 
the dotted position and make the compression curves apree with the axis AO, as in fig. 2,097 
(which is from the S. S. Meteor referred to compression ctirves). When this is done the 
n^perbola HN, is drawn, with O, as origin, and the effective combined area is compared 
with AHNPR, coming here to 84.7 per cent. This method involves too much graphical 
work and changes the lengths of the respective diagrams to something else than the actual 
cylinder volumes (as laid off to scale). For convenient practical use the best method is to 
bring the several end lines to a common axis, as would oe done if the I, p. diagram were 
moved a little way to the left in fig. 2,098 so as to touch EQ. Thus, with Q, as the origin, the 
Iwperbola B'P, is drawn, to touch the h, p. expansion curve at a point on a horizontal line 
throxigh the upper end of the compressure curve — ^this- making the diagram QBB'F, have 
the same width, at any pressure, as OAHN. The length S G, is the same as that of the 
I. p. diagram, representing, as is proper, the volume of vie large cylinders. With this ask, 
SB'FGS. as standard, the factor is .806. Variation in the standard used by different 
writers makes the diagram factor method less useful than it might be. Even for the rougbest 
preliminary work it is better to sketch out the diagram and measure it." 
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la the diagram, the two solid black triangular areas show the extent 
trf this loss, and by drawing a number of diagrams for different working 
conditions it will be noted that the loss by drop increases as the initial 
pressure and number of expansions are increased, thus limiting the rai^e 
for best economy in three stage expansion with drop. 



Distribution of power 

Total area expected diags.=1.19+1.19+I.2=3.58sq. in! 
Powerh. p. cyl =3.000X1.19-7-3.58= 997 horse power 
" i p. " = " X " -^ " = 997 " 

" '-P- " - 3,0Q0XI-2-!-3.58 -^1,006 " 
Total 3,000 
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Pig. 2v090. — Sectional view ot epeine abowine connection of aiT and i 
bwd of the engine. This ia the approved method of driving this 
a of such ai2fl that its speed is not beyond the speed limit of the p' 
ot a system of rocking levers and connec tiona as sbown. , The featui 



Stroke 

The length of stroke should be such that will give a proper piston spe*"^ 
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for the service required. For 140 revolutions per minute a stroke of 3 feet 
will give a pisbm speed of 

2X3X140-840 ft. 
wbich represents a medium speed and may be adopted, asmiming that this 
will give a k. p. cylinder diam. somewhat less than the stroke. 
High Preuwe CyUrvUr 

M. E. P. -as (in fig. 2,096) -80 lbs. 



Fia8.3.100to2,109. — Indkatorcaid* from the triple etpuufaMBiaineaot the twin •cmritaunn' 
VoMHiH^. C. R. R. or N. J. (Stuidy Hook Roate). iiMoi engine WH"- 30". uid SO" br 30" 
■troke. Cards taJfco during a ipecd trial at Dolamra Bi«£irBter. Laagth of coores l.Ml 
nautical miles. The AaXa, 19 as foUowsi 
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area piston - ^^^?^ -489.59, say 490 sq. ins. 

V~490 
-J5gj —24.98, say 25 ins. 

Intermediate Preaaure Ci/Under 



diameter corresponding = "W-yoTi —40.1, say 40 






Pig. Z.lOe. — Cmai haaddrlcatmpmnp. The plunger is stUchcd dinct to thsCTora haul. 
This i4 » very flijnple arrangement and becauae of the lon^ Atroke the pluneer is of very traeM 
cn»aiiectionalarea, thus bnneiritf very little stress on the arm projecting from the cro«a head. 
Thii fonns a gimole and desirHble airangement when the piston speed is sloir eoongh for Uie 

liberal size, thug the volume of water is passed with very little lift of the v^ves, and the 

Pic 2.107.— fecentrfc rfr/re lor pump. This is a satiafactory and common form of drive, 
though the eccentric introduces more friction Hum in other foims. necessitating ckaer 
attention to InbiicaCion. 

Low PretMure Cylinder 



T.re 



diameter correapoad&ig = V jg^ =74.76, say 74Jiiii8. 
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QUADRUPLE EXPANSION ENQNES 




. 2.10S to 2.113. — Various types of quadruple eipaosion 
rine. Pig.2.108.(ourcylinder form with cranks at 90°; fig. 
[09. four cylinder, two valve with cranks at 180°. eK:ept 
land fnd.w. cranks whichare at 90°. This type gives a 
nplified valvo gear; fig- 2.110. four cylinder, side valve, 
th double piston valve on the 1.^. cylindei; %. 2.111. five 



iepie with cranka at 9&, 



other; fig. 2,112, & 



DOUBLE STEEPLE 
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Quadruple Expansion ^glnes. — For four stage expansion. 
the boiler pressure should be 200 lbs. or more. 



eipanaioQ engine, Cylinder. 18W— 
stroke; 2 000 iJi.fi. The h.fi.. fiist and second in. cyls. are fitted 
wim pistoa vaives, driven by Joy valve gesr. while the l.p. cyl. has a double ported slide 
valve fitted with shifting iinlc motion, the arraiieement ma^e a short and compact eogine. 
which is necessary on the Lake freighters where fire and aft space in the engine room must be 

Even at 200 lbs. pressure the triple expansion engine with large cylinder 
ratio, is, notwithstanding the increased loss due to drop or free expansion 
in the receivers, almost as economical as the quadruple engine and is, 
of course, less complicated. 

The many cylinders of a quadruple expansion engine make it possible to 
use many combinations. The most natural arrangement is four cylinders 
in the sequence high, first intermediate, second intermediate, low pressure, 
the cranks being placed ninety degrees as in fig. 2,108, some other arrange- 
ments being shown in figs. 2,109 to 2,112. 

Fig. 2,112 shows a double steeple arrangement requiring only two cranks. 
Thisarrangement gives the minimum flow space. The cylinder dimensions 
of a quadruple engine may be calculated by the graphical method similar 
to the construction in fig , 2,096 , dividing the diagram mto four areas instead 
of three, or by calculation only, using the diagram factor. 
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FIG. S.llS. — Scotcli voice drive fc 



tlu ur and f«M pninp plnngen 
an cmiHctad Tvaly to ■ Sootch 
rake. Whan uranasd u ahovn 
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and Mock. If tb« pumiia wen 
arranjEedaideby-'-' ?-i---* — 
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Fig. 3.116.— Geared 
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IMITIAL PRESiURE 1,500 LB3, TCflMINAL PRESSURE 10 LBS. 593^*J 1.500 
„^, ISO E«PAN5I0N3 BACK PRESSURE. I LB 

PLANIHETER AREAS DROPAftCAS 

HP- " .TSSQ.IHS i"RECEIveR-.IISaiN3. 
'"INT,= .95 il - a-D u -.06o B 

E-'INT.-I.OS " " S"" » -.19" >• 

3"''JNT,= I,3Z - " ■!"■ " -.3 " " 

L.P. ■ .88 " - 

TOTAL AREA 4.99 " •. .6b " " 

DIAGRAM FACTOR C0USIDERIM6 DROP ONLY ' — ^jvj" - °.87 
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^150 EXP^OMS '^l l-6> BACK PBESSUHE (E 7. B8" VACUUM) tif EXPANS^UnS-^ 

Fig 3,117. — Diaarajus iMuitrAtinaqutntupIf or Hee atape eipansioTi at ini^Hj pressures of 
1.000 and 1.500 lbs. absolute. The calculationsarefortliedia^in at the right for 1,500 lbs.. 
150 expansions, and indicate the cylinder ratio and cylinder dimensions for 100 horse power 
single actinaeagLnfl suitable for a high speed boat. In a proposition of this Idnd the aim shoold 
be to obtain eqnal temperature ranges rather than *Qual powers for each cylinder, because tho 
main object sought is to reduce the steain consumption to a minimiun tor the given initial 
pressure and expansion ratio, in order to reduce th« si2e of the boiler and thus develop the 
given power wil^ the least weight poB»ble. Witli proper construction 100° to liSO° of super- 
heat could be used, and the net weight per A-^. probably further reduced by means of reheat- 
ing receiveis between the tnd i%l. luid i,f>. cylinders. 
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CHAPTER 39 
INSTALLATION 



Location. — As a rule, an engine should be located as centrally 
Ls possible with respect to the distribution of power, that is, 



available for pnunt requiremenU. Moreo> 
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in case a long line of shafting is to be driven, the best trans- 
mission is obtained by placing the engine at the middle of the 
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Pig. 2,119.— IxxAbM of aigine aod Ixriler. Ideal conditioiiB fc_ _. 

the steaiopipeahouldbeai short and direct as possible, irtiilstoi: „. — 

should be IT) a sepaiate room so its bearings and wdiIoos puM will be protected from Che 



at or lailp and with modem me^ 
Q, the tnuupartaCion cout i* n- 
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line. When thus located, more power can be transmitted with 
a given size shaft, than when placed at the end. 

With respect to steam consmnption, the nearer the engine is 
to the boiler, the greater the efficiency. Long lines of steam 




Pxo. 2,121^ — ^nan of station ammged for extension. The space required for a central station 
depends upon the number and idnd of lights to be supplied, and upon the character and 
arrangement of the machinexy. In calculating the size of building required, two things 
must be carefully considered: first, the building must be adapted to we plant to be inwt4i1V>d 
in the beynning^; and second, it must be arranged so that enlargement can be made without 
disarranpimg or mterfering with the plant already in existence. This is usually best secured 
by providing for expansion in one or two definite directions, the buildixig being made laige 
enough to accommodate additional units that will be necessary at some future time because 
of the growth of the community and oooseqoentii creased demand for electric current. 



pipe, though protected by the best covering, will cause more or 
less condensation. The engine should be placed in a separate 
room from the boiler, so that the working parts will be free from 
ashes and coal dust, the presence of which greatly increases wear. 
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In a new plant there should be little difficulty in determining the correct 
location, but in case of a growing plant, where larger engines are to be 
installed to replace those that have become too small for the increased 
power demands, the problem is more comples, and requires good judgment. 
In some cases the loss of time due to shutting down a plant to remove 
an old engine and foundation, build new foundations and erect a new 
engine upon the site of the old one, will more than offset the gain by having 
a compact installation. 

There are many points to be considered in deciding upon a location, 
but each case has its peculiarities. 



tiovring ban to arrange the piping to wcure 



A water seal should be m 



tuidiffemfws: 
desind toper- 



INSTALLATION 



respect to the pipe connec- 
tions, 90 that all joints will 
be easily accesable for pack* 
ing iuvi repair. 

Foundations. — It is 

essential that a steam 
engine be placed upon a 
solid unyielding founda- 
tion. Only the best 
material should be used 
and in liberal quantities. 
Engine builders furnish 
blue prints giving the 
proper dimensions for the 
foundation, assuming that 
the bottom rests on solid 
ground. If this be not 
reached at the depth in- 
dicated, the excavation 
should be carried deeper 
until firm soil is reached. 
Concrete makes a most 
excellent foundation and 
is largely used instead of 
brick work. A good mix- 
ture for this purpose 
consists of, one part 
Portland cement, two 
parts clean sharp sand, 
and three parts broken 
stone. Only the best grade 
of cement should be used. 
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PlO. 2,124.— Anglt 

irtiich the waJL of the build[ng proper resL consist □< diockb oi 

OTV available and convenient to himdle. FoDtinaa of brick or 

very loft soils; footings cDnsisting of timber grilkge an often 

inm or steel beams hu also been used successfully-. The incl 

footing should be About as fo!]o*a: for metal footinn 7S°; ft>r sti 

for bnck, 30°. DampproofcoursesoIslate.orUyeroif asphalt are loiumuiuu m 

or lower walls to ptcvent moisture arisins or penetiating by capillary attraction. 



mcretc are also uted in 
mployed. A grillaffe of 
ition of the angle ^, of 
=, 60°; for cooeiete. 45°; 
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When the encavBtion has been carried down to the required depth, 
its surface should be levelled and thoroughly tamped, Ice^>ing it quite 
damp while the tamping is being done. 

A wooden template should be niade with holes corresponding to those in 
theengine base asshowninfig. 2,126. When thisisinplace, as mfig, 2,126, 
tin pipes, at least two inches larger in diameter than the bolts, are suspended 
centrally from each hole, reaching to the anchor space, so that when the 
concrete is poured, there will be a margin o£ space around each bolt per- 
mittii^ latd^ adjustment to allow for any minute errorE in measurements, 



Fig. 2,120.— Vwv staowiog part of template for locaCinE uichor bolt centen, pipes throiich 
which the bolti pus and bolt boxea at loner end of bolti. The completed foundatioa ia 
ihown in Gg. Z.1S7. with template removed, lite template ia made li plain boaida upon 
which the center luies an diawa, and bolt cent«; located. Holm an bored at the bolt 
centcn to permit Inaeitkni ti the pipea aa ibowii. 

and to facilitate the removal of a bolt in case of breakage. After these 
pipes and the nece^ary forms are in place, the concrete should be prepared 
in sufficient quantity that the volume of the foundatioa may oe filled 
vitb one pouring. The foundation should be completed at least fifteen 
days before the engine is placed upon it, by which time it should have 
beccnne sufGciently bard to resist the weight of the engine. 



Placing the Main Castings. — ^Whea the foundatiott is 
ccnnplete, and the cap stones in position, the top nuts may be 
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removed from the foundation bolts, and the latter dropped 
down in the pockets out of the way. The main parts should be 
brought into the engine room in such order that those belonging^ 
furthest from the entrance will come first, thus avoiding any 
unnecessary movement of these parts. 

The half section of the fly wheel which does not contain the 
keyway is placed in the wheel pit. Twenty-four iron wedges, 
say two by six inches, tapering from seven-eighths to quite sharp 
will now be needed. 

1 I 
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Fig. 2.127. — Concrete foundation, showing method of installing the anchor bolts. 

After removing the piston, piston rod, cross head and con- 
necting rod, the cylinder, frame, and outboard bearing are 
placed in position with the wedges well entered under the feet. 
The proper method of placing the wedges is shown in figs. 2,128 
and 2,129. The cylinder and frame should be bolted together, 
being careful to remove any foreign matter from the surface of 
the joint. In bolting them together the nuts should be tightened 
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evenly by taking up on opposite bolts so as not to throw the 
parts out of line. 

The foundation bolts should be raised and the top nuts put 








SPACE FOR GROUTJNC 



Figs. 2,128 and 2,129. — ^End aod^side views of one end of cylinder shows placement of wedges 
and space for grouting. , 

E 




Fig. 2,190. — ^Ploor plan of an electrical station having a belted drive with counter shaft. 
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oo loosely, leaving ample room for levelling. Care should be 
taken to see that none of the bolts will bind when the engine is 
shifted. 




Figs. 2,131 and 3,132-— TEmplate for k 



m having > betted drive vIUi countenliaft, as shown In ptan in 



Alignment. — ^A board should be fastened across the flange 
of the cylinder on two opposite studs, as shown in fig. 2,131, 
the approximate center located, and a one-indi hole bored at 
this point. A standard must be made, as shown in fig. 2,132, 
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long enough to project from the floor a few inches higher than 
the center line of the engine; this should be securely nailed to the 
floor, being placed so that the hole will be approximately in line 
with the center line of the engine. Having procured some fine 
piano wire, a small stick is fastened to one end of the wire, and 
drawn through the stuffing box and the hole in the board attached 
to the cylinder flange. The other end is fastened to a small bent 
lever made of three-eighths inch round iron as shown in fig. 2,136, 



NON-RETURM ^ 
BOILER STOP YALVe 




ANOLt 
VALVE 




HEADER 

Pig. 2,134. — ^Method of connecting a header to a battery of boilers. Where two or more boilexs 
are connected to a single header, the use of a reliable non-return boiler stop valve is nec- 
essary, and in some countries their installation is compulsory. ^ A non-return boiler stop 
v^ve will instantly close shovild the pressure in the boiler to which it is attached suddenly 
decrease below that in the header, and thereby prevent the entrance of steam from the 
other boilers of the battery. This sudden decrease in pressure may be caused by a ruptured 
fitting or the blowing out of a tube, in which event an ordinary stop valve taking the place 
of a non-return boiler stop valve would be inadequate, as the loss of steam from the other 
boilers of the battery would be tremendous before an ordinary valve could be reached 
and closed, assuming that it woxdd be possible to do so, which m the majority of cases it 
would not. Should it be desired to cut out a boiler for cleaning or repairs, the non-return 
boiler stop valve will not permit steam to enter the boiler from the header, even should the 
hand-wheel be operated for this purpose, as it cannot be opened by hand, but can, however,, 
be closed. A non-return boiler stop valve should be attached to each boiler and connected to 
an angle valve on the header. A pipe bend should be used for connecting the valves, as this 
will allow for expansion and contraction. The pipe shovild slope a trifle downward toward 
the header and a suitable drain provided. This drain should be opened and all water per- 
mitted to escape before the angle valve is opened, thereby preventing any damage due to 
water hammer. 
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and passed through the slot to the hole in the standard, as in 
fig. 2, 136. By letting the rod rest against the back of the standard 
and turning the crank, the line may be drawn up with sufficient 
tension so there will be practically no sag. The line is secured 
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Fig. 2,136. — Small bent lever of % round iron to secure wire center Une taut in.positton. 

FA8SIN&_LLNE THROUGH SLOT 




LINE SECURED 



Pig. 2,136. — Method of securing wire center line. 
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by pushing the crank around till it engages with the back of 
the standard, as in fig. 2,136, the position of the line with respect 
to the engine being shown in figs. 2,137 and 2,138. 

Now with a pair of calipers, set ti 
of the counter-bore, the piano wi 



ciently large to permit this adjustment. Having centered the 




ig Bhowiog cvlinder. 



the head end, it is next centered with the stuffing box, by shifting its 
position on the standard. The wire now represents the center line of 
the engine, with respect to which the adjustment of all the other parts 
must agree. 

The first st^ after locating the center line is to adjust the position of the 
outboard beanng so that the shaft will be at right angles with the cylinder. 
To do this a. second line of piano wire is run through the outboard, and main 
bearing to a standard opposite the latter. This line is cent^:^ and adjusted 
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at T^t angles to the center line as shown in fig. 2,138; by shifting the 
outbrard bearing, its correct position being detennined by use of a square. 
The shaft may now be placed in position and the adjustment tested 
by the method of figs. 2,141 to 2,144. 



m of eotfinAihowing center line aligTiment wire BCGundiapocitiao by A PtvidMd 



Flo. >,140.— Method of lupporttiv ■ hoiuontal retiun tubuler boiler whiia anctiiig. 
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Figs. 2,141 and 2,142. — ^Aligniliff shaft with respect to the cylinder axis. The crank pin is rotated 
until it comes in contact with the alignment wire, first at one end of the' stroke, and then, 
at the other; in each case the distance from the wire to the crank pin flange M and S, is 
meastired with inside calipers, and the shaft adjusted tintil M<bS, when the shaft will be 
at ris^t angles with the cylinder axis. 




HIBHCST 
POSITION 



LOWEST 
P08ITT0H 




Figs. 2,143 and ^,144. — Method of testing horizoptal adjustment of the shaft after levelling 
with a spirit level. As shown, the shaft is turned until the crank pin cornea first in the 

, highest, and then in the lowest position, and plumb bob being applied in each position. If 
the point of the bob touches the same point M, for each position, then the shaft is horizontal; 
If it fall at points such as S and S\ for the two positions, the shaft is not level and must b» 

' further adjusted until the bob touches the same point in each position. 
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A spuit level is used for 

the horizontal adjustment 
of the shaft, and the work 
tested with a plumb bob 
as shown in figs. 2,143 and 
2,144. 

The guides will probabty' 
need no adjustment, but 
it is well to test the truth 
of their alignment. 
Various methods are used, 
depending on the type of 
guides as shown in figs. 
2,145 to 2,147. 



Grouting . — The 

spaces between the cap 
stones and feet of the 
engine left clean by the 
insertion of the wedges 
must be filled with some 
suitable materia], giving 
a iirm bearing. The 
operation of filling these 
spaces is called 
"grouting." 

When satisfied that 
the engine is level and 
in line, attention should 
be given to the foundar 
tion bolts to see that 
all have an equal bear- 
ii^, after which the nuts 
shotild be firmly screwed 
down. The lines and 
level should again be 
tried in all directions. 
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because it is possible to spring the engine down, or to one side in 
tightening the bolts; this must be remedied by the wedges, 
and another trial made.* 




Pig. 2,148. — Characteristics of the trammel. In using a trammel, care is necessary in 
holding the bar to avoid serious mistakes. Since a trammel is frequently used for transferring 
measurements of large dimensions, the above caution should be noted. If a pair of ordinary 
trammels be put upon an ordinary wooden bar, and rest with their points upon a surface, 
the points can be brought nearer together as positions L, P, by bowing the bar backward 
in the center R, of its length, and also be made to move outwsLrd as positions L'P', by bowing 
the bar forward at its center R', the two cases being represented m an exaggerated degree 
in the figure. Hence a very stiff bar should be used and handled carefully to prevent any 
distortion. 
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Pigs. 2,149 and 2,150. — Method of preventing 
vibration and of supporting pipes. The figures 
show top and side views of .a main header 
carried m suitable frames fitted with adjust- 
able roller. While the pipe is illustrated as 
resting on the adjustable rollers, nevertheless 
the rollers may also be placed at the sides or 
on top of the pipe to prevent vibration, or in 
cases where the thrust from a horizontal or 
vertical branch has to be provided for. TUs 
arrangement will take care of the vibration 
without in any way preventing the free ex- 
pansion and contraction of the pipe. 



*N0TB. — ^When the bolts may be tightened quite firmly without disturbing the alignment 
or level, preparation may be made for grouting. Some waste should be wrapped around the 
foundation bolts, and stuflEed down an inch or so in the bolt holes to prevent the entrance of 
the filling which would grout the bolts. There are several materials used for grouting of 
which the following are recommended. If the. spaces between the cap stones and castings be 
three-eighths inch or less, a filling composed of one part antimony and seven parts lead will 
make a satisfactorv joint. If there be very thin spaces to fill, kerosene should^be sprayed into 
the opening and the hot metal quickly poured. Por an opeiitng one-haU inch or larger, the 
best grade of Portland Cement should be used, mixed clear and quite thin. After the filling 
has been given sufficient time to thoroughly harden (24 hours for cement) , all the foundation 
bolts shomd be permanently tightened. 
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Pics. 2,1S1 to 3.153.— Ann In mOtrunmat. Vi^. 3.1GI. tyUnitr und tuUa Htflaai to 
ritht <^ wtrUail axil. Obvioutly, th« cyHader and guide* ihculd be thifted to the Iffl. How- 
__ .1 .. !.< _.jj t^fjgitctonlT u it ii. nalicdm«t would hBidly be necnwry. 



(■peciatly if tiie enwue incmred be netti FiE. 3,lfi3. c^ndtr axis iaUnt tdlkaliaft a 
• '-" -"itfaHdto rttM. a eomeWng thsor— ~ -'■ ' —"- • 

eft M they en by iditntiBB the craa 

i»,-aias 1^ ttMa neltarMd trllh tyl 

futoiily with thii error if eeriooe. MSi line throiisfa center of c^indv 

•luift; MR, pittmb line thnraghctntei of cylinder ead; LT, guide kiii. 



4iif(andto rigM. It corrastlng t)w orror m alifunent of guide* bi 
e left M they ere by iditntinB the croea head lilM ao u to comiieni 

.^. J.lS8,-aai (^(hMhihI MnlU wUk tyUnitr axit, Bngioe will not woric ten*- 

futoiily with thii error if eeriooe. MSi line throiigfa center of c^inder end end center of 



AMembling the Reciprocating Parts. -The shaft journal 
should be tested, and scraped to a good bearing before placing 
the fly wheel. 
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Fk». 2,154 to 2,158j-ffrTW» In oMenmenl.^^ Fig._^2,164, trim imd tuiia not enrol 



i« ^b of th« cross head bei 

Ruideg are used aa on sorag TDHiine «isui«i an 
times detected by faulty running in forward 



Fig."2.Tsfi.~a<u (Hi^e net parsUil la 



— jfaliiiiinieiit. Fig. 2,150, gmdii al different dislances from cross head axis. If the fa 
euids be apposite the worldneEib it will cause ilapfiae, that is a Imock durioe sdraisDor 
MS, cytiDder ass; MR, plumb line through center of cylinder end. 



theahaft, aodthe fly whi 

place, but the wheel clamped with the key 



shaft turned so that the key seat is uppermost, the key should be tried in both 
,j .1,. a,. _v„i fc..i, 1- 1 , _irt vdeel, the key should not be driven in 

. ._ _ . .Loisted £n>m the beartoffs. Uie eccentfk 

ce of the bearingi given a light coat of red lead. U. on replacjns 
tietf times, there be any "high ipate," the red lead will b« rubbed on 
ting that the surface at these pbcM is toe high, hence it shoold be 
m repeated until all the bearing surface ia true with the >haft. 
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in pUce, so thst tht cylinder 



and guide axis. psT-alttl bill do no( cirincidi. Fi£. 2.1^. iylikdtr aid guidt axis nol paraUil 
with sdiustabls guldea of the type shown. These eirois are easily coirected. The plumb 
line MR, falls ta the right of MS, in fig, 2,157. and coincides with it in figs. 2.158 and 
2,15B. LF, ia the sids of the fiuides. 

necessary, but with a threaded joint the proper length of rod must be determined by locating 



•NOTE. — Blowing out the cylinder will remove any accumulation of gi 
has been thoroughly blown out with steam, the heai 



is to be run condensing this oper&tion shoidd be perforr 

eeon enter. _ ^^ ^'^ng thj pi',ton and v'afves'ftV'^hriks''"' Wh^^'e'wiinder 
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With the engine on either center, the rod is turned till the piston comes 
in contact with the cylinder head, and the number of threads exposed 

on the rod counted; the operation is 
repeated for the other center, thus 
determining the number of threads 
corresponding to both clearances. 

M\/ V Taking one-half the 

IT 1bSSSSS5SBSB9 difference, and tum- 

^ ^ ^"^— ^"^^^^ ing the rod to corres- 

pond with this point, 
the clearances are 
thus equalized. 

The valves 
should now be 
placed in position 
and set as in- 
structed in the 
chapters on valve 
setting, ' noting 
carefully the pre- 
cautions to be 
taken, especially 
with the Corliss 
valve gear. 

Marine Engine 
Shaft Align- 
ment. — ^When 
installing a marine 
engine in a vessel, 
the crank and pro- 
peller shafts should 
be aligned with 
much care, as poor 
alignment of these 
parts causes consid- 
erable friction, wear 
and loss of power. 




Pig. 2,160. — Er- 
rors in align- 
ment. Crank 
pin axis not par- 
allel with shaft 
axis. This error 
is shown in the 
figure at A. If 
the erector bed 
the brass to the 
crank pin as at 
A, when the 
crank has turned 
180°, the brass 
would touch at 
only one point 
as at B, the error 



at this point beinff doubled. The angle between axis MS, and 
LFR, shows crsunk pin error. The running resvdts depend on 
the design-of the roa end, and conditions under which the brasses 
are held. 
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First, the caps o£ the 
main bearings should 
be taken off and the 
crank shaft removed to 
make room for the 
center line. 

On all direct coupled 
engines the male side of 
the coupling should b« 
attached to the crank 
shaft, leaving the female 
side on the propeller shaft 
which is more txmven- 
iently centered. 

A center line of fine 
piano wire must be 
stretched &om the 
center of the female 
coupling through the 
main bearings to a 
standard as shown in 
fig. 2,161. 

In fastening this line 
to the coupling, a smaJI 
piece of wood ^ould be 
cut to size and forced 
into the hole in the coup- 
ling, leaving a space be 
tween it and the end of 
the shaft. The center of 
the shaft is located on 
J this piece of wood and a 

small hole the size of the 
wire bored. One end of 
the wire is passed through 



I. aE^ f ^c hole and fastened; 

" " the other end is carried 

through the bearings to 
the standard, and dnwu 
taut. 



"lala 
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The wire is now set in line with the propeller shaft by shifting 
its position at the standard. 

In order to true the line, a square is placed on the face ot the coupling 
allowing the blade to extend over the line as shown in the figure; the 
square should be tried on top and bottom, and on each side moving the 
end of the wire attached to the standard till the line comes true with the 
square in all these positions. 

With small inside calipers measurements are to be taken from 
the sides of the journals to determine if the line be central with 
the bearings. If not, the bed plate must be moved sidewise till 
the bearings are in line with the wire. 

A similar adjustment must be mg,de in a vertical direction. 

The calipers are set to the half-diameter of the shaft, making the setting 
scant to allow for the half diameter of the wire, and measurements taken 
from the bottom of the journals. The bed plate is adjusted vertically till 
the calipers register with the line, then the bearings may be said to be 
in line with the propeller shaft. 

In making the vertical adjustment, suitable shims should be provided 
for insertion between the bed plate and keelsons; these should be made of 
thin sheet metal. 

When the adjustments have been made, the nuts on the lag 
screws or fotindation bolts should be firmly set up; this however » 
will probably put the bearings out of line vertically, in which 
case additional shims will be required to bring the bearings 
back in line. 
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CHAPTER 40 
LUBRICANTS 



Few owners and managers of plants realize the necessity of 
■oper lubricants. It is in the selection of a lubricant as well as 



Fig. 2.164. — Mafinified view of a shaft showing ita rouKh granular structure. In optratktn, 
these minute irre^lariCies interlock and act aa a retanltrw force, or friclional rtsistance- 
Hooce, the necessity for lubrication which prevents actual contact by presenting a thin 
intervening film against which the surfaces rub. The magnifying glass shown aliove is 
simply suggestive of msgnilicstion. in fact, to see the rough gisnular structure the shaft 
would have to be viewed under a microscope. 

in the application that care and skill are required. For instance, 
a lubricant which would make a large shaft run smooth and cool 
in its bearings might be quite unsatisfactory if applied in some 
other place as for example, a light, high speed spindle. 



The duty of a lubricant is to reduce friction; the lubricant 
accomplishes this by keeping the parts separate, being pressed 
out into a thin film on which the moving part rubs thus pK- 
venting direct contact. The necessity for this is apparent from 
fig. 2,164, which is an imaginative view of a shaft showing its 
rough granular structure. 

Metal surfaces may appear Bmooth to the eye, and feel smooth to the 
touch, but when exarainoi under the microscope, they will show miaute 
UTC^nilaritiee, and apt"**'' something like nutmeg grateri. 



Fig. 2,186. — Fluldllir or ultcotilr IhI- Viscodtr npnKntathcjfoipMcffKdlOyof anoQaad 
is detennlDed by notbig the numba- of secoiula Uliea to pui a certsin quantity d tba oil at 
a ipacified temperature through a itandard sixe orifice made for the pufpoee. 

When two metal surfaces are brought in contact, these minute irr»7i- 
larities interlock and act as a retarding force.' That is why it is inq^os^le 
to run machinery without lubrication of some kind. 

It is evident that lubricants reduce friction by preventing actual txmtatrt 
of the metal surfaces, and substituting the lower friction of the lubricant 
itself. 

Desirable Qualities of a Lubricant. — There are several 
important requirements a lubricant shoidd possess: 
1. Body; 
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2. Fluidity or viscosity; 

3. Freedom from gumming; 

4. Absence of acidity; 

5. Stability under temperature changes; 

6. Freedom from foreign matter. 

The bodji of a. lubricant indicates a certain consistency of subetance, 
that prevents it being entirely squeezed out from the rubbing' sttrfaces. 
The particles of the lubricant should adhere to the nibbing amiaces, thus 



fluidity of a lubricant refers to a, certain lack of cohesion between its 
different particles, which reduces the fluid friction. Fluidity, so far as it 
does not oppose body, is a desirable quality. Excessive fluidity allows 
the lubricant to run off too quickly, thus causing waste. 



A lubricant that holda free acid would attack the bearing surface, 
destroy its smoothness, increase friction, and lead to frequent and costly 

Stability under temperature changes is important; lubricants should 
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retain their good qualities, even when used under high temperatures 
as in a steam cylinder, or when used under low temperatures, as in ice 
machines, or on exposed bearings. They should not evaporate, not be 
decomposed by heat, nor congeal by cold and should retain their normal 
body and fluiity as much as possible. 

Foreign matter will increase friction, and clog feed tubes, thus 
causing heating and possible seizing of the rubbing surfaces. 

Cold, Flash, and Burning Points. — There are three critical 
temperatures of a lubricant which limit its application and 
which partly determine the conditions to which it is best suited. 



Pig. Z,ie7.— f bwh and Ar* tMti. The HiuA (m( is indicated to that 

the vapoF given off by an oil tcuites; the fire tat. that temperature at wMch the oil itself 
bums. In makinE these tests the oil is heated in a. small shallon vessel placed on a hot 

The cold point is the temperature at which any given grade of oil will 
«ther freeze or become cloudy. 

rheflasApoi'ndsthetemperature at which the oil gives off inflammable 
vapors. 

The burning point is the temperature at which the oil takes fire. 

Classes of Lubricants^ — According to form or state, lubri- 
cants noay be classified as: 
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1. Solid; 

2. Liquid; 

and with respect to the composition as: 

1. Animal; 

2. Vegetable; 

3. Mineral. 

Solid lubricants include, graphite, soapstone, and the various 
lubricating greases. 

Graphite exists in two forms: Crystalline (or flake) and amorphous. It 
is also known as black lead and plumbago. Black lead usually refers to 
inferior grades of graphite, plumbago, to the Ceylon product, and graphite, 
to the American product. Graphite may be used alone or in combination 
with oil. The action of graphite is to fill the pores of the metal making 
the rough surfaces, shown in fig. 2,164, smooth, rather than to form an inter- 
vening film to prevent contact. Strictly speaking, graphite is not a 
lubricant, but in filling the pores of the metal it greatly reduces friction. 
One desirable quality of graphite when used in the cylinder is that its 
presence in a boiler does not produce any injurious effect. 

Stmpstone, also called talc or steatite is used as a lubricant in the form 
of a powder, or mixed with oil or fat. Mixed with soap, it is used on sur- 
faces of wood working against either iron or wood. 

The various lubricating greases are well adapted for heavy pressures 
under slow speed, but not for high speed, as their internal or fluid friction 
is considerable. The lubricating quality of grease may be improved by 
mixing with graphite. An advantage of grease is that it does not run, 
hence the machinery can more easily be kept in a clean condition. 

Liquid lubricants are used extensively for both internal and 
external lubrications. They represent, in some forms, the 
highest quality of lubricants, having considerable body, with 
good fluidity and small internal friction. Their fluidity, how- 
ever, may lead to large and even wasteful consumption, since 
by being easily spattered over all parts of the engine, they do 
not permit so great cleanliness as may be had with solid 
lubricants. 

Animal oils such as, sperm, whale, fish, lard and Neafs foot 
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oils are used to some extent. They are obtained by boiling 
or melting from the raw animal parts. As acid is sometimes 
used in the process of manufacture, animal oils are liable to have 

an acid reaction, and are then undesirable. 

Sperm oil is aa excellent lubricant; it does not become randd, nor dry 
up; has good body and is fluid frith little internal iriction. It is used for 
rapid rumiing parts, where a high grade is desirable, without much regard 

Whale oil is frequently used for external lubrication; it is a good lubri- 
cant at a moderate price. 



Fic. 2,ias. — araelli/ (•* 

Gravity indicates the veig 
of the oil compAred to wati 



onliiiary accepted specific 
gravity. Tbe specific gravity 
of water being 1; any liquid 

ahter ia leu than 1 , such as 

the Bausi^ scale, iratcr 
being )0 all lighter liqnida 



Lard oil is used chiefly for mixing with other oils. 
Neat's foot oil, on account of high price, is used in small quantities only 
for improvement of oils of poorer qtality. 

Vegetable oils are obtained by pressing the raw materials, 
and cleansing out the cloudy suspended fibres by treatment 
with acids. The color of the refined oils is from water, white 
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to light yellow. Under heat they evaporate easily, and are, 
therefore, employed only for external lubrication. Vegetable 
oils are gradually decomposed by the oxidizing influence of th6» 
atmosphere, and dry up; they are also inclined to gum. Oliv^ 
cotton seed, peanut, castor and rape oil are all used to some 
extent. 

OUfoe oil is a good lubricant; it neither dries up, nor gums, but generally 
contains add. On account of its high cost it is frequently adulterated with 
cheaper oils. 

Cotton seed oil dries up less easily than others, and is consequently 
used sometimes as an admixture to olive oil. Certain grades frequently 
show an acid reaction, and are undesirable for lubricating purposes. 

Linseed oil dries up easily, and is therefore tmdesirable for lubrication; 
. it is often found as an adulterant in other oils on account of its cheapness. 

Mineral oils are obtained by the distillation of petroletun; 
these oils are the most important lubricants, and since, with 
modern methods of manufacture, their jprice is relatively low. 
They retain their qualities well in the air, and if pure, do not gum 
or dry up. 

The color for the different grades varies from light yellow to dark brown. 
The sijecific gravity ranges from 88 to 92, and the heavier oils are generally 
the thicker and less fluid. The body is generally higher with the thicker 
oils, comparing those of the same color. A compromise between body 
and fluidity must be made for the best and most economical result, so that 
good adhesion and slow ruilning off is combined with moderate interval 
friction. 

Por cylinder oils the body should be the more pronounced quality, as 
fluidity is increased by elevation of temperature. 

Mixtures of different oils are sometimes offered by manufacttirers for 
cylinder lubrication ; mineral oil as the main part is often mixed with sperm, 
whale or lard oil as a compromise between price, body and fluidity. Such 
mixtures should not be used inside a cylinder; only the best mmeral oil 
should be used for this purpose. 

Oil Tests, — ^There are two kinds of tests : chemical^ and mechanical. The 
former are made in laboratories, but there are a number of simple tests 
whidi any engineer can make. 

A test for clearness is made by taking a sample from a barrel that has 
been well rolled and shaken. The glass should be transparent, and the oil, 
if very cold, should be slightly wanned. The oil then, if of good quality, 
should be dear. 
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The amount of suspended matter is, with a light oil, directly seen, or 
for darker oils, determined by mixing and shaking with a relatively large 
quantity of gasoline. 

The rancid test is made by mixing a small quantity of oil with warm 
water or alcohol, and testing with blue litmus paper , which will turn red 
if any free acid be present. 

Rancid oil is indicated by the smell when a few drops are rubbed between 
the hands. 

The Purity test* — This test is made by shaking a small quantity in 
a bottle, with a quick jerking motion, so as to produce air bubbles. If 
the oil be pure, the bubbles will soon burst and disappear, but if mixed 
with other oils, they will rise to the siuface.and collect. 

Choice of a Lubricant. — There are several conditions that 
determine the choice of a lubricant for any given purpose, the 
principal things to be considered being: 

1. Price; 

2. Rubbing pressure; 

3. Rubbing velocity; 

4. Temperature. 

It is generally supposed that the higher priced a lubricant is the better it is; 
this is correct theoretically, but not always so practically. The highest 
grade of lubricant is that which contains the highest percentage of lubri- 
cating matter, hence, it does not always pay to use the cheapest oil which 
can be obtained, for though the cheap oil costs less per gallon, the consump- 
tion to provide the same amount of lubrication is, in many cases, greater 
in proportion than the difference in price. 

For heavy pressures a lubricant should have a good deal of body, while 
for lighter pressures there should be less body. 

For high speed, a lubricant should, preferably, possess good fluidity, 
while, for slow speed, less fluidity is desirable to prevent waste. 

Temperature has an important bearing on the choice of a lubricant; 
for instance, in the case of cylinder lubrication, it is evident that to prevent 
the lubricant being decomposed by the heat, the flash point should be 
higher than the maximum temperature of the steam in the cylinder. 

For lubricating the various rubbing surfaces and turning joints ^ except within 
the cylinder, use is made of vegetable, animal, and the lubricating grades 
of mineral oil. In lubricating cylinders and internal surfaces nothing but 
the best grade of mineral oil should be used, the grade commonly employed 
being known as cylinder oil. 



i^ 
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CHAPTER 41 



LUBRICATION 



How to Oil an Engine. — The subject of lubrication should 
receive the special attention and study of every engineer. 
It is quite important that the engine be properly oiled to avoid 
excessive friction, wear, and trouble. A small amount of a well 
selected oil properly applied will go further in reducing friction 
than a much greater amount of an unsuitable lubricant im- 
properly applied. Oiling an engine involves: 

1. Internal lubrication; and, 

2. External lubrication. 

The former includes oiling the cylinder and valves, and the 
latter, the external bearings. 

Internal Lubrication, — There are several kinds of lubricator 
for introducing oil into the cylinder; these may be classified with 
respect to their principles of operation as: 

1. Gravity; j 

2. Hydrokinetic; 



d 
^ 



a. Up flow; ^ o 

6. Down flow. "" ^ a; 

3. Force feed. of 5 
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Gravity Lubricators. — Those working on this principle are 
called "plain lubricators," there are two tubes, the invisible 
feed, and the sight feed. The action of gravity lubricators 
depends on: 1, the displacement of the oil from the reservoir by 
condensation, and 2, its movement downward by gravity. 

Fig. 2,169 is a sectional view of a plain lubricator with invisible feed. 
In operation, steam passes through the central tube to the upper part of the 
oil reservoir, where it condenses. The water thus formed being heavier 
than the oil, sinks to the bottom, displacing a corresponding amount of the 



STEAM 
VALVE 



a.lOB.— Nathan plain cylinder 
d condenses in the oil reservo 



hiSydrokinetic Lubricators.*— The operation of lubricators 
Fois class depends on two well known principles of physics : 

^f m'in^^Th' "o"! hydtakinaU is defined as: "RclatinB, or pertaining to the motions of 
oi miii«--,^pp,,pd lo this class ot lubricator, whose operation is dL.e, primarily, to the down- 
the best goC an elevated body of water which dispUces the oil fnim the TeBsrvoir. 
being knov 
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Steam from the main, steam pipe passes into the connecting pipe above 
the lubricator, and condenser, filling the condenser and part of the pipe 
above it with water to some height as H. When the steam valve is open^, 
the sight feed glass is also filled with condensation. 

In operation, when the condenser aad steam valves are open, water from 

the condenser will pass down the central tube to the lower part of the 

reservoir, and being heavier than the oil, will stay at the bottom, the oil 

floating above. On account of the excess pressure in the condenser tube 

UP FLOW TfPE OOWN FLOW TV PE 

r=il ^-^ 



'3and2,m.—Vpnow, 



due to the head H, the water will continue to flow until the oil fills the upper 
part of the reservoir. When the feed valve is opened, the excess pressure 
due to the head of water will force the oil, drop by drop, through the nozzle 
in the sight glass. As soon as a drop of oil leaves the nozzle, it is no longer 
acted upon by this excess pressure, but rises because it is lighter than the 
surrounding water in the sight glass. 

In a down flow Itibricator there are' no internal pipes connect- 
ing with the condenser and sight feed. The sight glass consists 
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of two glass discs inserted in the upper part of the reservoir as 
shown in fig. 2,174. 

The operation is quite simple: When the condenser needle valve is 
opened, the water from the condenser will flow through the passage, and, 
as can be seen through the sight discs, lea- 
nozzle drop by drop. It being heavier than 
descends to the bottom displacing an equal a 
of oil which is disc 



through fiil.^iB uv^-H «-. ^ 

,...-- '- wat«r before itartui? ihe cup. S. Regulate oil drops by 

[R of sigbt chamber to desired rste of feed. To prevent pulsation, close 
vHive i>, mure ur leu. as required. To replace tight Bitot, if broken. Temove cap K. 
and insert glass, leavitifi a little end play to allowforexpanaian, To reflll, draw off water 
tbrough drain valve F. and proceed as before. Clean sight glass by blowing steam tbrough 

oil and condensed water by opening v^vea N and F. drain plug V, and filling cap B. 
Fio. 2.178,— Detroit "JOO" sight feed lubricator (down flow type). The parte ore.- 5.001, 
glass; LF2, support arm; LF21, condenser; LFlOl, oil tube; LP4. feed valve pkg. rings, 
not shown; LI^IOT. oil feed valve stem complete; LPIIS, water feed valve Btem complete; 
11, packing nuts; ISS. filler plug; LPllO. tail pipe (aingleconnectiononly): AllS.tailnut; 
8. drain valve body; S. drain valve stem: oil tube ball oheck; 23, plug /or tube bole, in 
double connection, not Ghown; LFIOS, tail pipe for double connection, not shown; LF109. 
equaliiing tube (smglB connection only); water feed ball check; LF20. body for \i pint; 
LK2, body ior H pint ; LF23, body tor Ji pint ; LF24, body for 1 pint ; LF2B, body for 1 quart. 

Practical Points.^Engineers experience more or less trouble in 
the daily operation of lubricators from one cause or another. To 
avoid this, the foregoing principles should be clearly understood. 
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Before starting a lubricator, time ehould be allowed for the condenser 

and sight feed glass to fill. 

A common fault ts foiling of the si^t glasG. This is ttsuall^ due to the 
condition of the nozzle; it &equently oecomes covered with dirt and sedi- 
ment from the oil, which makes the surface rough, causing the drops to 
adhere too long to the nozzle. This condition causes the drop to become 
so large that it strikes the side of the glass in rising, thus gradually covering 
the glass with particles of oil which become detached &om the drop at 
^ch contact. This may be overcome by removing the glass and cleaning 
the nozzle both inside and o^^, rubbing it smooth vnth crocus cloth. 



OUTLET 

Fig. 2,177.— Nathan hand oil pump; for occasiooal U8« in cylinder lubrication. It may be 
Attached either vertically or horizontally by int«rchanBina the shank and plnp. A i^ve 
should be placed □□ the outlet, and should tw kept closed when the pump is not in use. 

Sometimes the orifice in the nozzle is lar^ for the kind of oil used. This 
causes large drops to form, which tend to foul the glass. 

A lubricator should be biown out occasionally so as to remove any dirt 
or sediment that may have accumulated in the small tubes and passages. 

When, the engine is shut down, as during the noon hour, and the feed 
valve is closed, the condenser valve in the up flow type, should be Irft open. 
If both valves are shut there will be no outlet, hence, if the temperature 
of the oil should rise, it will expand and exert suck a pressure on the reservoir 
as to cause it la bulge or burst. 

Force Feed; Oil Pumps. — Hydrokinetic lubricators are 
qfiected by chaises in temperature, causing them to feed tcx* 
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slow in cold weather and too fast in warm weather. In an effort 
to overcome this defect, what is known as f»rce feed, or oil 
pump lubricators have been designed and put on the market 
with more or less claims as to their ability to provide positive 
and uniform lubrication. 

There are two lands of force feed lubricator: 1, the hand 
pirnip which is used as an auxiliary to the main lubricator, and 
POWER LEVER 



ADJUf 

PIUNI , PEED 

OUTLET 



FIG.Z.1TS. — Huuelpoweraight feed oil pump. The oil is fonwd out oE the matvoir and through 
tbe aiflbt ^\»a by the upper pluDEcr. and ia then forced on throuah the cheek vaWes and 
into the cylindsr bv the lower pluDser. The amount of oil aupplied with each stroke is 
regulated by the adjustible upper plunger. 

2, the power pump operated by the engine, and employed as 
the regular feed. 



Fig. 2,177 shows the ordinary hand oil pump. The oil n 
removable strainer inserted in the cetitral tube, and the filling bole is covered 
; by a cap to keep out dust and impurities. The pump la of the single 
actii^ plunger type with ball valves as shown. By reversing the positions 
of the plug and shank, the lubricator may be adapted to horizontal con- 
nection. 

There are many designs of force feed pump, one being shown 
in fig. 2,178. 
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■ In operation, oil is drawn from the reservoir and forced through tlie 
sight glass by the upper plunger; it is then forced on through the check 
valves and outlet by the lower plunger. The amount of oil supplied with 
each stroke is regulated by the adjustable upper plunger. The lower 
plunger is made slightly larger than the upper, to avoid any possibility of 
oil remaining in the sight glass. Motion is imparted to the plungers by- 
means of a ratchet wheel and cam; which in turn are moved by a lever 
connected to some reciprocating part of the engine. There is a hand attach- 
ment on the ratchet wheel to permit hand operation before starting the 
engine, or when more oil is needed momentarily while the engine is running. 



Fig. 2, 179 shows method of attaching pump to a Corliss cylinder. It should 
be noted that a spring check valve is placed on the oil discharge pipe to 
prevent the oil being drawn out by the vacuum which forms in the boiler 
on cooling. 

External Lubrication Systems. — The successful lubrication 
of the bearings of an engine depend in a measure upon the 
character of the appliances used to convey the lubricant to the 
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wearing surfaces. There are several systems of external lubri- 
cation, the choice of which is governed by the type of engine, 
and conditions of service. ^ 

They may be classified as: 

1, Gravity; 

2, Inertia; 

3, Centrifugal; 



FlQ. 2,180.— Powell "Pllerim" plain alaM oil cup. The feed is regulated by the milled screw 

feed Item R, and ia Bccured by the winged jamb nut O. 
Pio. 3.1SI,— Powell "Slanal" snap lever sight feed oil cup. The feed is turned on or off by the 

snap lever C, being on in the vertical position and ojin the horiiontal position. The rale of 

feed is regulated by the milled screw feed stem R, and secured by the wing nut O. 
FlG.2,lB2. — Lualienheimer"Crou'n"indeiBightfeedoilcup. Tbeindex device is foriegulat^ 

iog thefeed,HDdtheindJcatorarnittiniin£on the lid, markt the notch giving the desiird feed. 



5. Pressure; 

6. Compression; 

7. Splash. 
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Gravity System. — In this method of oiling, the lubricator 
is placed at a sufficiently high elevation to permit the oil to 
gravitate or flow to the bearing. ^Many of the sight feed cups 
work on this principle. These cups are made in single, or 
multiple units as shown, figs. 2,180 to 2,183. 

Fig. 2,180 shows a plain oil cup, an ineaipensive though satisfactory de- 
vice for some feeds. The cup shown in fig. 2,181 is of the snai> lever type 
with sight feed. This is a very desirable type as the feed is viable and can 
be tnmed on or off without changing the feed adjustment. By_ tilting the 
snap lever half way between the on and off positions, the bearing may be 
fiush»l with oil. 



L 



Fig. 2,183.— Lunkenheiraerniiiltipls sight teed oiler. This consists of a number of sight feedi 
of the "Sentinel" type placed in a common reservoir. A union is placed at the end of «adi 
feed for easy connection nith the oil pipes. Each end at the cylindiical leservotr is ctowd 
with a glass disc making tha supply of oA visible. 

Pig. 2, 182 shows an "index" sight feed cup. The feed is regulated by an 
index device, and an indicator arm which turns on the lid to mark the 
notch giving the desired feed. When the feed is shut off, the lever is placed 
in a vertical position to indicate that the cup is not working. 

The multiple oiler shown in fig. 2,183 consists simply of a number of ^ght 
feeds having a common reservoir. The ends of the reservoir are of glass 
to indicate the amount of oil inside. Each sight feed terminates in a union 
to which tubing is attached; these lead to the various bearings. 

Figs. 2,185 to 2,192 illustrate a few gravity oiling devices of which there 
is a large variety. - - 

Capillary Systems. — These include wick feed lubricators, 

and the chain, and collar devices used in self oiling bearings. 
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Wick feed lubricators are provided with one or more small tubes, tapped, 
oil tight, into the bottom of the reservoir, and reaching to the top as shown 
in fig. 2,193. To lift the oil automatically over the top of the tube a wick 
is inserted with one end dipping into the oil in the reservoir. The end of 
the tube and wic^: must project below the bottom of the reservoir. A wire 
is attached to the wick to hold it in place. The wick, due to capillary 
attraction, becomes saturated with oil, which is siphoned from the reservoir 
drop by drop. This system is used extensively on marine engines, and 
although very reliable, the rate of feed cannot be regulated so easily as the 
gravity feed. 
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OIL PIPES TO BEARINGS 




Pig. 2,103. — Multiple wick feed oil cup. A number of tubes are tapped oil tight through the 
bottom of the reservoir; these extend above the oil level, and have a wick mserted in ^h 
with one end dipping in the oil. It soon becomes saturated by capillary action and is 
then siphoned drop by drop. A wire is attached to each wick so that they may be easily 
inserted or removed from the tube. * 



An endless chain or collar is used on what is known as a "self 
oiling*' bearing as shown in figs. 2,194 and 2,195. 

The length of the chain is such that it dips into an oil reservoir 
directly under the bearing and in rotating with the ^haft, the 
ascending side carries with it, by attraction between the liquid 
and metal, a small quantity of oil which lubricates the shaft. 
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Inertia System. — Lubricators which operate on the force 
due to inertia are adapted to oilii^ a reciprocating part movii^ 
in an up and down direction, as the wrist pin of a vertical engine. 
Two types of inertia cups are shown in figs. 2,196 and 2197. 



1 piston in forcing the oil to the bearing at each 
the milled nut R, s 



In this cup the oil is thrown against the top at the beginning of the down 
stroke and enters the central tube. The rate of feed is adjusted by the 
valve R. 

Centrifugal System. — For oiling crank pins lubricators are 
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sometimes used which depend on centrifugal force for their oper- 
ation. There are several types as shown in figs, 2,196 to 2,201. 



Pig. 3.19a.— Powell "Ptuut" pliinacr lecd cnnk pi 



baapiaton.focLnj 






L« plunger teed vtXvt a. 




Figs, 2.ieS and 2,199.— HinKcentrifiigalcra.nkpmoiler. Thistype is adapted to center cnnk 
eneinee. An oil passage leads from the grooved rinff to the crank pin. In operatiorxi the oil. 
whicb drops into the groove, ia carried otl by centHfuea] force throufh the cil paasaffe to the 
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In figAlOS & grooved ring is attached to the crank to the oil from the sight 
feed. There is a. connecting passage or duct through which the oil may flow 
from the groove to the cracJcpin bearing. In operation, centrifugal force 
tends to throw the oil from the center of rotation, hence it presses against 
the bottom of the groove and is forced through the duct to the bearing, thus 
lubricating the pin. This type of oiler is usedmostly on center crank engines. 

For a side crank engine, the pendulum bob type of oilw 
is extensively used. 

The tube or arm through which the 
oil flows by centrifugal force to the 
crank pin is bolted to the end of the 
crank pin, the bearing at the other end 



'Pig! 



— Powell individual sight itrr 
2,200, standard pHttem; iig. : 



u-.*.. ^-r—^-,^.^ — .^ ^ — J ine sapp\Y beins taken from the top of 

the tank, and by means of 3^ inch pipe conducted to the device and connected at coupling H. 
The Bttaching ihaok R if^ pipe) is scrawEd into the sicajn pipe. C. is drop resulatirui vuve. 
" ■-> "-mlvefor cleuuns sight chamber. K, is removable plufl through which the sight 



i Gvlmders of t^ 



equiJuii 



pipe above the throttle, when bo used, bonnet T, ia replaced with a union coupling. Using 
this devke saves the time ordinarily requintd in filling the light teed lubricaton on each engine. 



which carries the cup is concentric with the center of the shaft, thus the 
oil cup, which is here joumaled, and weighted with a pendulum boo, remains 
stationary, and in an upright position. In operation the oil drops from the 
end of tbe inner tube, and is carried by centrifugal force to the crank pin. 
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The cup is drcuUr ia section and has glass sides to indicate the amoimt 
of oil. The feeding arrangement consists of & tube screwed into the base 
and commtmicating with the outlet. At the top is a. regulating valve. 
The cup is placed in an upright position at the end of the connecting rod. 
In operation the centrifugal force due to the rotary movement of the cup, 
throws the oil outward a^inst the circular walla and the feed inlet. It is 
obvious, no matter how httle oil there may be in the cup, it will be carried 
to the feed inlet. 

Pressure System. — In this method of lubrication the neces- 
sary pressure for forcing the lubricant to the bearings may be 



FiQ. 2,202.— Powell "Penpiin" ilide siglit f«a oU cup designed for use on Blides, cross keadi, 
eccentrics, and all movmffbeaiinfB. The feed Is cosily Bet by regulatinD feed stem R, uu 
secured by junb nut O. Tbe filling plug is attached to cup by a small duiin to prevent ila 
getting lost. 

obtained 1, by placing the reservoir at a suitable elevation; 2, by 
employing air pressure in a closed reservoir, or, 3, by means of a 
force pump. Figs, 2,203 and 2,204 show one method of pressure 
feed. 

An inclined receptacle forming a part of the bed plate contains the oil 
and has attached a small plunger pump operated by an eccentric on the 
shaft. The oil is distributed through feeds to the various bearings; the 
frame is enclosed, hence there is no loss of oil in bemg thrown off from the 
bearings. It is thus used over and over again, however it should be noted 
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Compression ^^tem; Grease Cups.— Grease is frequently 
used instead of oil on some bearings, especially those which run 
slowly and with considerable pressure. The numerous lands of 
cup used for the application of grease may be classed as : 



, Side, and end -nt 
at thebotCom ih an c 
es the oU tbromjli a 



1. Hand operated; 

2. Automatic, 

. All grease cups operate by compression. 
Fig. 2,205 shows a simple form of cup. The lubricant i; 
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to the bearing by screwing down the cap over the stationary 
bottom part, thus compressing the grease and forcing it through 
the outlet. 

A screw piston or "marine type" cup is shown in fig. 2,206; this 
is a desirable cup in places where it is necessary to force the 
grease some distance to the parts to be lubricated. The body of 
the cup is threaded on the inside, and the piston to correspond. 
By turning the handle attached to the piston the grease is com- 



FiGS. 2.206 to 2.207.— Hand and automatic compression grease cups. Fig. 2.205 sh'iva b simple 
cup, md fig. 2,20».a "inariiie type" with acrew piston. The automatic cup showninflg. 2.2W 
IB provided vith a leather puton vhich may be raised by means of the thumb nut B.fot ie- 
fiUing. The thumb nut, trbicb controls the sprinE and piatnn, has a locldoc ainuisBD 
which retains it in position, on the stem C. The feed is reEulsted by means of the ai 



pressed and forced out of the cup. Fig. 2,207 shows an auto- 
matic cup. It is provided with a leather piston which is easily 
raised by a thumb nut, whenever re-filling is necessary. The 
thumb nut which controls the spring and piston, has a locking 
arrangement, which prevents it jarring from its position on the 
main stem. The feed is regulated by means of a screw plug in 
the shank of the cup. 
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To fill the cup, thumb nut B, is turned to the right which draws the piston 
to the top; the cup is then unscrewed from the base and filled with grease. 
After replacing, pressure is put upon the grease by screwing thumb nut B,. 
to the top of the stem C, thus allowing the piston to be pressed downward 
by the spring. The rate of feed is regulated by means of plug A, which is 
drilled to register with the feed passage, according to the position of the 
plug. 

If it be desired to stop lubrication whUe preserving the rate of feed^ 
thtunb nut B, is turned down to the top of the cup, thus preventing the 
further advance of the piston. 

Splash Sj^tem. — With this method of lubrication an enclosed 
frame is necessary. A quantity of oil is placed in the frame and 




Fig. 2,208. — The McEwen (Ridgway) engine; sectional view showing splash system of lubrica* 
tion. Oil is placed in the enclosed frame in sufficient quantity to submei^e the connectinc^ 
rod at its lowest point of travel, causing it to splash the oil over the various bearings. It 
should be noted that the piston rod stuffing box is outside the enclosed portion of the frame 
thus keeping the oil separate from any water of condensation, which may leak past the stuffingr 
box — an important point in this system. 



maintained at such a level that the end of the connecting rod 
comes in contact with it at the lower part of the revolution, thus 
splashing it upon the working parts. This system is frequently- 
used with high speed horizontal engines as shown in fig. 2,208. 
The amotmt of oil that is splashed over the bearings will depend 
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on the rate of speed and the depth of the oil in the frame. As 
with the pressure system the oil shotdd be frequently filtered 
and renewed. 

Practical Points on Lubrication. — The engineer shotdd 
give special attention and study to the subject of lubrication, 
not only to avoid waste, but as a safeguard against the possi- 
bility of a shut down. An engine running up to speed no matter 
whether it be slow, medium^ or high speed, should have the 
constant attention from the man in charge. 

The temperature of the engine room has much to do with the 
rate of feed of oil cups and cylinder lubricators; the higher the 
temperature the faster wiU the oil flow. 

Where two oil cups are used on a long bearing they should be 
placed not further on each side of the center than ^ the length 
of the bearing. 

Oil grooves, after being cut in a bearing should have the edges 
rounded with a scraper to let the oil follow the shaft; sharp 
edges have a tendency to scrape off the oil. 

Oil should be applied to the shaft at some point outside the 
area upon which the pressure comes. This can be done by the 
proper arrangement of the oil grooves. 

The amount of oil required for a bearing should be determined 
with care by repeated trials; where there are no drip pans, it 
is important that the bearing receive no more oil than necessary, 
to avoid waste and to keep the engine room clean. 
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CHAPTER 42 
MANAGEMENT 



The term management, as here used, embraces, in addition to 
the attention given to the engine, the adjustment and conttol 
of the auxiliary apparatus connected with the engine, such as 
steam separator, oiling devices, condenser, condenser ptimp, etc. 
Management includes, therefore 

1. Operation; 

2. Care; 

3. Repair; 

4. "Lajmig-up." 

The successful engineer must not only tmderstand the necessary 
conditions of working and control, but 'he must know how to 
meet the numerous disorders and mishaps that may be en- 
countered, as those arising 

1. From faulty construction; 

2. From careless or ignorant handling, such as, 

a. Insufficient lubrication; 

b. Faulty adjustments; 

c. Racing; 

d. Overheating; 

#. Breakage or wear of parts. 
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1. OPERATION 

Before Starting. — ^All oil cups and lubricators should be filled 
with the proper lubricant. If the steam pipe have a separator 
it should be drained. The cylinder relief cocks should next be 
opened and if there be a by pass, the cylinder may be warmed 
by slightly opening the valve; in the case of a reversing engine, 
the operation of warming the cylinder may be facilitated by 
moving the reverse lever back and forth several times while the 
by pass valve is cracked. In the case of condensing engines 
with independent pumps the air pump should be started before 
warming the cylinder. 

Starting. — In starting an engine of any type, the main thing 
to guard against is excessive condensation in the cylinder, be- 
cause of the danger of injury to the cylinder head and moving 
parts as the piston approaches the end of the stroke. 

Water being an unyielding substance, when it fills the clear- 
ance space and is acted upon by a fast approaching piston, causes 
a shock to the cylinder head and moving parts as well, and in 
extreme cases even though the relief cocks be open there is danger 
of injuring the engine. Accordingly, in starting any engine, 
steam must be admitted very gradually and the engine slowly 
brought up to speed. 

In the progressive opening of the throttle a knock at the end of each 
stroke indicates water hammer due to excessive condensation, hence, if 
this occur, gradually close throttle, or do not open any wider until the 
Imoddng ceases. 

After the engine has been brought to speed, the relief cocks may be grad- 
ually closed. 

In closing them, if a knock be heard, it indicates that the cocks have been 
closed too soon and must be again opened imtil all knocks or water hammer 
ceases. There are several cases of starting a condensing engine which 
must be considered, as considerable damage may be done in some instances 
imless the various operations are properly performed. 
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Starting with Direct Connected Air Pumps. — Frequently 

the condenser air pump is direct connected to the engine, hence 
there will be no vacuiun until after the engine has started. One 
characteristic of this arrangement is the liability of flooding the 
condenser, hence in wanning up, after starting the independent 
circulating piunp, the engine should be turned over or, in the 
case of reversing engines, worked back and forth slowly as 
soon as possible so as to set the air pump in motion and clear 
the condenser of water. 



lir pumg. The lettered parUa-rc: A, bucket or piaton; 

In the case of compound and triple expansion engines ample time should 
be given to warming the cylinders, and working out the water. This is 
facffitated by the steam by pass valves to the receivers. It is frequently 
advisable to run multi-cylinder engines very slowly for several minutes 
before full speed operation. 

With independent piunps they are started before wanning 
up or starting the engine, each being adjusted to its proper speed. 
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Sometimes both drculating and air pumps are serrate units requiring 
individual adjustment, but where the two pumpa are direct connected 
to one power cylinder, the speed must be governed by the d^ree c£ 
ndesired. 



With surface condensers where the condensate is returned to 
the boiler, the feed pump, if independent, must be started when 



I 

L 



with Blak« jet 

starting the engine, otherwise the water pumped from the 
condenser by the air pump will flood the hot well and overflow, 
thus losing some of the condensate — an important item in marine 
plants where evaporators are not provided. 
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When the water tanks are below the level of the hot well an 
overflow pipe connecting the hot well should be installed to 
avoid loss of condensate by flooding. 

Starting with Jet Condenser. — In the jet condenser, the 
air pump removes not only the air but the circulating water as 
well, hence it must be evident that if the ptmip do not remove 
the water from the condenser as fast it it comes in, the apparatus 
will quickly flood, unless the vacutmi be broken by the proper 
working of an automatic device provided for that purpose, and 
back up into the engine cylinder causing serious damage. Hence 
in starting jet condensing, great precautions should be taken 
that the water does not reach the cylinder. 

To start: open slightly the injection valve and start up the air pump to its 
normal speed. This produces a vacuum in the pipes and condenser, drains 
them of water, and causes the injection of water into the condenser. When 
ihe vacuum is established^ as indicated by the gauge^ slightly open throttle, and 
warm up engine. Then bring engine up to speed and regulate the amount of 
injection water by the injection valve. In regulating the amount of injection 
water be guarded by the vacutun gauge: if an increase of injection water 
does not cause an increase in vacuum, the speed of the air pump must be in- 
creased. The injection valve should never be opened further than will cause 
the vacuum to increase. 

Starting with Siphon Condenser. — Since in this arrange- 
ment the hot well is located 34 feet below the condenser no air 
pump is required to remove the condensed steam and cooling 
water. Hence, there is no way in which water can get into the 
engine cylinder unless it be allowed to accumulate in the pocket 
formed by the exhaust pipe, and not even then unless atmospheric 
pressure be admitted to the exhaust pipes through the uncovering 
of the water supply or discharge pipes; a proper drain will 
protect the exhaust pipe. Accordingly, starting with a siphon 
condenser is accompanied by no such danger, as with a jet 
condenser. 
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To atart: Open exhaust pipe drain, warm engine and work the vater 
out of the cylinder; this will prime the eihaust pipe with steam and cause 
the reli^ ^^ve to open allowmg steam to escape into the atmosphere^ 

Since a vacuum must be formed before the condenser will aphon cooling 
water, open the starting or priming valve which admits watCT to the dis- 
charge pipe, and in fallin g through it, draws out the air, closing the relief 
valve and forming enot^ vacuum in the upper pipes and condenser 
to draw the injection water up to the condenser. 



inductuHi condeiisei. The worlims of the condenser is bsicd upon Uie lune principle u 
that of the steam inja:Cor. In optrallon, ateam eaters througli the vslve E, and p«aM« 
through the inclined perforations into the cential tube T, as indicated hy theirmwi. Owing 
to the velocity of its movement, the air in the condenser and the injectioa pip« is drswn 
. out with it, and the qtmoaphenc i>res3ure on the iniecticn supply foTces the condensing 
water up Ihnnigh the pipe and into the tube T. as shown. The exhaust steam is condeued 
by this water and a vacuum is left in the condenser and eihaust pipe. The original velocity 

the resistance due to friction and preaaure arid passes into the boiler. Tiie velocitv of the 
discharge is suHicient to draw out the ur. cocAiag water or' — -*— 
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The starting valve should now be closed and the water supply adjusted 
by the injection valve, being guided by the vacuum gauge. 

Starting with Exhaust Steam Induction Condenser.— 

When the condensing water is under a head, turn on the cooling 
water and when a vacuum is formed, start the engine. 

When the cooling water must be lifted, open the steam or 
pressure jet valve, and as soon as this has lifted the water, start 
the engine. 

The operation of the condenser will begin as soon as the engine 
exhaust reaches the condenser and when the vacuum is formed, 
the suction or lifting jet may be turned off. 



Running. — ^Af ter the engine has been started, attention should 
at once be given to the various oiling devices to see that they 
are feeding at a proper rate. 

Stationary engineers, as a rule use too much oil in the cylinder, 
and it is safe to say that only those in charge of condensing 
plants where the condensate is returned to the boiler, or marine 
engineers, appreciate how small a quantity of oil will suffice. 

In any plant, excess cylinder lubrication should be avoided 
because of the expense, and in condensing plants, because of 
contaminating the feed water when the condensate is used. 
Prom time to time the various bearings should be felt with the 
hand to see if any be heating. 

Lubrication. — Since a lubricant is used for removing friction 
where the two parts are under pressure, it is evident that under 
various conditions and pressures different fluids will give differ- 
ent results, and in order to lubricate properly it is necessary 
that the conditions of both the rubbing surfaces and the lubricant 
be considered, as well as the pressure between the moving parts. 
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In order to lubricate properly, the lubricant, when between the bearings, 
must be a fluid, enabling it to flow freely when the bearings are close fitting 
and under heavy pressure. 



The flash point must be above any temperature that may arise in the 
bearii^. By flash point is meant the temperature to which the oil must 
be heated in order that the vapors arising from it will momentarily blaze 
up when a flame is passed through them. If the lubricant be an oil, it must 
have the property of remaining fluid under low temperatures, and, if grease, 
it must readily liquidize with a slight rise of temperature. 



P|<K. 2.215 and 2,216. — Viewa of a vertic^ engine fitted with Nugent eombinatioo teleacopic 



Until recent years vegetable greases and oils were almost universally 
used for all lubricating purposes, but the methods of manufacturii^ mineral 
oils have so advanced that vegetable lubricants have been almost entirely 
displaced on account of their higher cost and the fact that they will not 
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absorb oxygen from the atmosphere. There are lubricants of all kinds, at 
all prices and for all purposes now manufactured. 

An engineer should try several of those which are claimed to be beat 
for the work in hand and, after satisfying himself as to the most economical, 
use that one constantly, and for the purpose for which it is made. 

One reason any lubricant fails to give satisfactory ijesults is that it is 
often used for the wrong purpose. For instance, a good cylinder oil would 
not give satisfaction on a sewing machine. All oils are made to lubricate 
properly under particular conditions, and if the conditions are not ri^ht 
the oil is ineffective, and cannot be used economically. Another thing 
which governs the service rendered by an oil, and also the quantity neces- 
sary in order to obtain satisfactory results, is the bearings. They should 



smittal by belt illustrating the mlei A singU bdt out Inch 
■ mimite eiU (rniumil one hnse povier: a douUi bM under 
Ui same amaiaons vnii transmit tvio horse ptneer. A pulley ia diiveo fay a belt by moanfl of 
the friction between the aurfaces in contact. Let T, be the tension on the driving side of 
the belt, and T', the tension on the loose side; then the driving force -T-T'. In the figure 
T, is taken at 34 lbs. and T'. at 1 lb.; hence driving force -34-1 -33 lbs. Since the belt is 
travelira at a velocity of 1.000 feet per minute the power traoainitted -33 lbs. X1,000 ft. 
~33,00Oft.lba.perminute- I horee power. 

always be in proper alignment and present a smooth, ample bearing to the 
revolving shaft. 

In selecting oils for various purposes the following suggestions may be of 
some assistance: For valves and pistons, heavy high test mineral oils with 
which is mixed from 3 to 6 per cent of graphite, the amount of graphite 
to be used depending upon the condition of the wearing surfaces, the 
pressure between the moving parts, and the steam pressure. The per- 
centage is increased in proportion to the roi^hness of the wearing surfaces, 
the pressure on the bearing and steam presstire increases. 

Mineral, vegetable or lard oil is suitable for ordinary machinery. 
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In places where the speed is low and the pressure high, lard oil, tallow 
or a good quality of grease may be advantageously used. 

Soap with graphite is good when the surfaces in contact are wood. 
For h^h and low speed engine bearings, any heavy mineral or vegetable 
oil that will not deteriorate easily under ordinary temperatures is satisfactOTy. 

When hot bearings and boxes are hard to cool and to keep cool use the 
same lubricant as is recommended for cylinders, and in extreme cases pow- 
dered sulphur mixed with a good mineral oil will be found effective. The 
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II hardly flow. 

Knocks. — The most coininon sign that something is loose 
about an engine is "knocking," as it is called. If any bearing 
wear perceptibly, or any fastening become loose, the engine will 
begin to knock. In such case, the engineer should locate the 
knock at once, find out the cause, and remedy same at the 
first opportunity. Knocks are caused by looseness, or 



Fig. 3,210. — Metliod of applying dreaaine. to * running belt. , SometimBs the application Ol 

Drtssing. whether liquid, paat« or so caUed stick vaitety, should be applied ■paringly, and at 

.. ... .( .1.. I... «_.. ...1. j...n ,.: ■ — •'■-edges, first applying the 

ide. Treating all cJ ono 
._ ^-, efficacious in stopping 
Iff after cleaning the surface u 

. _ _.. _^f the home made preparstdona 

softening very dry belta which ate so hard aa Co beBtn 
to crack- It is not desirable to attempt to get a belt into prime condition with one treatment. 
Thisrefiultaintheuseof too much oil or other dressing. It is better to treat it several timea 
and bring it to condition graduaHy. For this reason all dressiog should be used sparingly 
at each application, but applied (aten eoough to keep the belt m the aame condition after 

the latter as a diusing. First melt tiie wai and heat the oil. miiing Qie two while warm. 

Tallowfrequentlyisusedbvfinitheatingituntilitcanb. — " 

■ run in damp basements, the addition ot H ounce of ro 
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interference. Looseness in the recip- 
rocating parts causes "lost motion" 
which in turn causes knocks. 

In making adjustment care should 
be taken not to make the adjustment 
too tight. 

The adjustment of the piston rod length 
may be out sufficiently as to cause the 

¥ston to hit one of the cylinder -heads, 
his is easily corrected by loosening the 
jamb nut and adjusting the threaded part 
of the rod. This is an example of inter- 
ference. 

A frequent cause of knocking is that 
due to lack of over travel of a reciprocat- 
ing part. Thus the piston may not over 
travel the cylinder bore, resulting in the 
formation of a "shoulder" which wiir"inter- 
fere" and cause a knock. This is due to 
excess travel of the piston due to wear u 
the ■ 



re ^htencd. The figure shows 



loiutructtan. In 1 



nnpleto and in noution on the belt uid cleailr 
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loogE >a tlwttbe nuts ' 



ts the threul should be cut 



MANAGEMENT 



On engines having stuffing boxes with screw followers, the latter is liable 
to come unscrewed during operation which may cause interference, especially 
in compactly built engines. 

On some engines this applies to both thie piston rod and valve stem stufHng 
boses. A set screw or equivalent should be provided to lock such adjust- 
able parts in position. Knocking may sometimes be due to improper 
valve setting, giving uneven distribution of the steam. 

On some engines the lap of the exhaust valves must be adjusted to give 
enough compression to prevent knocking. 



Hot Bearings. — If a box heat in the least degree it indicates 
that for lack of oil or for some other reason the metals are 
wearing together. The first attention is to provide plenty of 
oil. On some sight feed oil cups, provision is made for such 
emergency by arranging them so that the needle valve may be 
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opened wide by turning the lever midway between the on and 
o£E positions. 



SHAFT 



RESl 

RAIM 
COCK 

Fig. 2^5. — Sectional view allowing a ring oiler or self oiling IiflBring. Aa shown Hie pedeatal 

contac t with the shaft, ui^ dip at ^eir lower part into the oil. In operation, t^ia brought up 
by tbo rioga which revolve because of thd trictional eantaelawith the shaft. The o3 ■ m 
this way biought up to the top of the bearing and distributed along the shaft gradually 
descending by gravity to the reservoir, being thus used over and over. A drairi cock la 
pinvided in the baAC so that the oil may be periodically removed from the reservoir and 
strained to remove the accumulation of foreign matter. This should be frsqusntly dona 
to minimise the wear of the bearing. 




If «'iB"'"» bcaiiDg open. Views ihotrins <^ giuuv w. 
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If flooding do no good, take the bearing apart and clean it 
thoroughly, then apply a coat of white lead mixed with good 
oil, being careful not to get any dirt or grit on the bearing or in 
the part; assemble bearing and do not adjust any closer than 
necessary. 

The Feed Pump.-rOn some engines the feed pump is con- 
nected direct to the er^:ine. This arrangement, especially in the 



Figs. 3,333 to S,234.— Stamtt'i improved ipaed mdicitor. In caiutrucllan, the worldas 
nrti an endoaedlibe a watch. Ths gndustions show every revolution, and with two rowi rf 
fisun* nad both ri^t and lift oa £e (haft may run. While looking at the wsicb. each 
hutidred reroIutioDa may b* couiiud 1^ aDowing the oval headed pin on the revolving 
disc tojMMtmdBT the thumb aa the inatnimentjapreMed toiti work. A l^te improvement 
inthunUhcatoTCoiuiBtaintheroUitiiwdiK.irikicb, beiugcarried by friction, may be moved 
to the itaitinjE point where the raised knoba coincide, when the spindle is placed ia con- 
iHCtkn witti niB nvotving ehoft, pissiina the laiaed knob witb the thumb will prevent the 
diac rotating, while the hand of tae watch geta to the right poaition to take the time. By 
nleasbis the pr*Bsun the disc ii libented tor counting the revolutions of the shaft when every 
100 may be noted by feeling the knob pass under the thumb lightly pressed against it, thus 
nligvingthe eye, iriuch has only to loi^ at the watcb to note Ue tune. 

case of high economy engines is very desirable because it is 
the most economical method of feeding the boiler,, and also very 



'NOTE. — Independent (steam driven) boiler feed pumps are ei 

riple eipansion marine engine. The *astefulnea 
assing the exhaust through a secondary feed wate 



may beredoc 
pound pump. 
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little space is required and considerable piping avoided that 
would be necessary with an independent pump.* 

Stopping. — 




copper or galvaoiled 



gradually to rest. However, in some condensing arrangements 
the process is not so simple and unless properly performed is 

liable to be attended with serious consequences. 
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Stopping with Direct Connected Air Pump.— The opera- 
tion of stopping with a. direct connected pump is attended with 
no danger since the pump, being attached to the engine, is in 
motion until the engine comes to rest. If the condenser be o£ 
the jet type the engineer should gradually close the injectiqa 
valve simultaneously with the closing of the throttle, being 
guided in closing the injection valve by the vacuum gauge; if 



Pic. 2.237. — Principle of '"Moncky wrench" packing. Packings of thiatjpe include the otdioary 
square Am, round core and gum core packings and what is commonly known as "red core 
spiral." Toe round and Bat gum core packings are made by braiding successive ahcaths 
about a flat or round gum core. These packings form about the cheapest steam packings 
that are on the market. They depend entirely for Iheii success on a pressure from UK gUnd 
and for that reason they are classed as "Moncky wrench" packing. As the pressure from the 
gland is generally ' ' ...-....-. 



„. on a moving rod there is done at every stroke a certain ai 

rk that is unnecessary, which work ia required simply to pull the rod through tl 
r. This, of couise. requires steam and steam requires cnal and there ia actusUy co 



caused by the packing. , 

a gum core, but the principle of applical 
this class of packing, whicn ~" "" ' " " 
almost invariably being -'— 



Pigs. 2,288 to 2.240.— Typi 




the vacuum fall before the throttle is closed it indicates in- 
sufficient cooling water, caused by a too quick closing of the 
injection valve. 
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Stopping with Jet Condenser.— When shutting down an 
engine with an independent jet condensing apparatus, close the 
engine throttle firsts and when the engine has stopped, and not 
until then^, close the injection valve, and lastly shut down the air 
pump. 

By shutting ofif the water supply before the air pump is stopped, the water 
already in the condenser aod pipes is pumped entirdy out and there is no 



danger of it getting into the engine cylinder. 




Fig. 2.241. — Principle of moisture packing. Flax packing miglit be classed under this head. 
These are packings that require moisture to expand them. The best example is the case 
of flax and duck, sometimes made up with a rubber back, sometimes with the duck passing 
completely around the back of the packing. In this case the flax swells up with the moisture 
and does the packing, while the duck stands the wear and tear. This is more satisfactory 
than the first class. It has been used for many years by old engineers. It is not a pack- 
ing, however, ^bat would be available where the steam was entirely dry when it reached 
the box, or where it was superheated. Ol course steam that is dry when it reaches the 
cylinder is not dry when it reaches the box, or when it enters the box, for the reason that the 
box is more exposed and consequently is much cooler and the rod is one-half the time out 
in the cool air, and since as high a temperature as the U ve steam cannot well be maintained , the 
steam in the box will be moist. If the steam be originally superheated, however, it may get 
in the box as dry steam, in which case it is very hard on a packing that requires moisture 
to cause it to swell and thus produce the requisite grip on the rod. 





.90. FLAX 
Figs. 2,242 to 2.244. — Typical cross section of moisture packing. 

Failure to properly follow the above directions may result in a 
wrecked engine. 

Stopping with Siphon Condenser. — The characteristics of 
this condenser being the inability of the cooling water to reach the 
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cylinder, stopping is not accompanied with any dat^er as with 
a jet condenser. 

To stop the engine, gradually close the throttle valve and after 
the engine has come to rest shut off the cooling water and open the 
exhaust pipe drain valve. 

Stopping with Exhaust Steam Induction Condenser. — 

First slop the engine, when the operation of the condenser will 






S. — Princit^ of eipansion pacldng- This pacldng eipaodi but not fiom tb» pnnun 
e gland. Thia is Ef«nera1]y caused by IbeeRpHjidm^ of somo material used aa a cuahion, 
hG influence of heat. The material almost univETSally used isiubber. Rubber nhen 
will expand, and if it he used in connection with l^e pacVin^. it will when heated 
le packing against theTOd and give an easy cushion effect on the it>d, which iaeQ^Tcly 
ident of the aland- Since this ia true, therv ia no reason for the engineer to use a 
,_y wrench, and consequently there is no omoftunity to foree the paclnna too tightly 
St the rod and p;xxiuce undue friction. It is therefore a packing that is more economical 
-■ . of steam ia concerned, since there ia a lighter load or -■- '-- ' 



le friction of the packing on the rod. An eipanaion packing is a better 
ackinp, being ni 



acking than that which depends on pressure from the eland, such as a Moncky wrench 
....■__ I.: __, ;__! .!_. (j||[ ^1^ easier on the rod. Thil se — 



19 irtodoced in certain metallic packings by th 



Figs. 2,34a and 2.2«7.— Typical cross sections of expansion packing. 

cease if the cooling water be under a suction lift; if it be under 
head, stop the engine first and then shut the valve in the water 
supply pipe. 
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2. CARE 



The term care is here used in the sense of maintenance, that 
is, in the constant running of an engine certain supplies such as 
oils, packings, gaskets, etc., must be adjusted and renewed from 
time to time as required. 



The subject of lubrication has been mentioned under "running," and 
treated at length in preening chapters, hence no further remarks are 
necessary. 



PRESSURE 

PROM 
CYLtNDER 




'PRESSURE 

FROM 
CY UNDER 



Fig. 2,248. — ^Principle of automatic diagonal packing. This packing does not depend on pres- 
sure from the gland, or on any expansion due to heat or due to the swelling of any substance, 
but does depend on pressure from the cylinder. This packing is an automatic packing com- 
monly called "diagonal" packing, because it contains wedges which are formed by cutting 
a square section diagonally. There are a number of diagonal packings, differing from each 
other in the form and shape of wedges, but all of them depend upon the same fundamental 
principle that the pressure from within the cylinder will force the wedge next to the rod in 
toward the rod, and, of course, that means' that the grii> which it has on the rod will vary 
with the pressure forcing it, in other words, with ^e cylinder pressure. 





Pigs. 2,249 and 2,250. — Typical cross sections of diagonal packing. 



Packing. — The object of a packing is to prevent a leak of any 
fluid, which may be either a liquid or a gas. This may be a com- 
paratively simple case as when gaskets are used to prevent 
steam escaping at a joint, or it may be quite complicated, as 
by the use of packing on piston rods. 
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Packing is held between the faces of joint by the friction pro- 
duced by the clamping pressure of the two parts, one against 
the other; when held this way, as for instance, between the end 
of a cylinder and the cylinder head it is called a gasket. 

With high pressure this friction may not be sufficient to resist the internal 
pressure exercised against the thin edge of the packing. Retaining rims, 
inside or outside, around the opening, or male and female projections on 
the face of the flange, are, therefore, provided with high pressure, to relieva 
and remove the padmig from the inSuence of the inside pressure. 



Pig. a,2Bl.— Th. HUl friction clutch pulley for power contmL. The cl .._ 

■tart B load equivalent to the double belt capacity of the pulley to irhich the clutch is attached. 

The packing is materially affected by the retained fluid, accord- 
ing to its temperature, density and chemical reaction. 

The packings may be classified from this point of view into 
packings for 

1, Steam; 

2. Water; 

^~ Air, ammonia and oil. 
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With respect to the nature of the joint, they may be classi- 
fied as those intended for 

1. Stationary parts, or 

2. Moving parts. 

Steam Baekingt. — These packings, especially for high pressures and 
temperatures, shoiJd be as nearly incomtDUstible as possible; they should not 
be decompOBed or easily burned on to the faces of the joint. 

On this account metallic packings are chiefly used for this purpose, and 
next in desirability are the fibrous packings, made from mineral substances 
like asbestos. 



Via. 2,352,— Ouill drive. This ia the proper tranamiBiion amusement lubatituta for bes«y 
sernee. requiring IsrgB puUeyB. sheava. gaara, etc. It is a IidUow Bluft lUppOTled b» in- 
depeodeat beanngs. The main driving shaft nintiing through the quill u thiu n^ved 
o( all tiansv^e atresaes. The pnwei is transmittjal to the quill by mewu of a friction ar 
]aw clutch. When the clutch is thrown out, the pulley or sheava atandi idle and the 
dnving shaft revolves freely witiiin the quill. As then is no contact betmaa movina 
parta there is no wear. Jaw clutches should be used for drives demanding potftive angular 
displacement. They can only be thrown in and out of engagomeat when at r«fit. AU very 
large clutch pulleys, sheaves, OT gears designed to ruD loose on the line shaft are pnfereblr 
mounted on ouills. Tlie letters A, B, C, etc., iiulioat« the dimensions tc3 be specified in 



For low pressure or exhaust steam, other fibrous, or rubber, paddngs 
are cautiously used with advantage by engineers. 

Around condensers and air pumps the packings should possess dumbility 
against the effects of mineral oil m steam or water. 

Water Paekingt. — For this service, packings may be either metallic 
or fibrous. They should, however, be of such material as to have no 
galvanic reaction upon the material of the pipes or machines, as sometimei 
experienced with copper rings. 
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They should not be decomposed or rotted by soakingj but should retain 
their elasticity, or softness, even tinder frequent mafing or breaking of 
the joint. 

Air, Ammonia, and Oil Paeklnga. — The requirements for these pur- 
poses are limited, and the regular steam and water packings gene^ly 
can be applied to these needs. The air pipes of forced ash pit, or induced 
draft, systems require some packing of fibrous, or rubber, material for cold 
air piping, and of asbestos or metalUc material, for hot air piping or ducts. 

Ammonia piping may have metallic, rubber or fibrous packing, according 
to the judgment of the engineer. 

The main requirement in packing for oil piping is that it should not be 
dissolved, or decomposed, by oil, as are some of the soft rubber materials 
used for packing. 



, Htheja 

not preu cquallj^ on the tine, or if the pnssun requiKd on the cone be abnoimik], loosen 
the upper Bdjustiog nuts T'. on eys bolls Bnd eet up the lower adjusting nuta T', until each 
Bet of JBiis is under the same pressure. ShoQld the clutch then eUp when started it is evident 
that the jaw vTcuure is insufticient and b, further sdiustment nill be necessai?. All clutches 
areeijuippc _ ™':* "'' .^^ -g^j^g^l^^^^^ oamlfel to the'stSft u followa; Remove 
- ' lins P, then pull out the levers D. Do not disturb the 

„ Iside jaws B, can now be taken out. Remove the bolt 

wins the fulcrum plates R, to be talcen off. On the separable bub pstlem the clsinp- 

lUatTw taken out before fulcrum plate ia removed. The insidejaws C, may now be 

wiLnarawn. Oil the moving parts of the clutch. Keep it clean. Bx B in iae at regular 

Packings tor Stationary Parte. — For these parts packings are gen- 
erally applied in the forms of sheets, called gaskets, thin and well spread 
out between flat faces or flanges of valves, cylinders, valve chests, etc. 
Occasionally engineers prefer to use a round metal, or fibrous, ring in a recess, 
instead of a fiat sheet, as it is more easily made and kept tight, while 
bearing only on a narrow line, or ridge, all around the opening. 
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The choice of the packmg is greatly influenced by^ the conaderation of 
whether the joint is to be broken often, or will remaia comparative^ un- 
disturbed for a longer period. 

In the latter case materials may be employed that cannot be used over 
again, sucb as red lead or iron rust cement, with or without fibrous gaskets, 
while, in the first case, quickness of making and preservation of the pacldl^ 
for continued use will be of importance. 

The packings used for stationary parts may be divided into two classes; 
those uiat cannot be used again, such as iron rust cement, red lead, with 
CT without chopped hemp, and graphite; and those that can be more or less 



frequentiv used again, such as the metallic gaskets, asbestos, pure rubber, 
mixed rubber and canvas, canvas or paper soaked in linseed oil, or appliel 
in connection with red lead or graphite. 

Packings tor Mot>able Partt. — These are generally arranged in coils- 
of several thicknesses to gain depth in the direction of the motion, or in 
the longitudinal axis, like the coils in the stuffing boxes of piston rods, 
valve stems, condenser tubes, or in the packing of air pump pistons. 



durability and long life with little attendance and adjustment. 
lenerallv a trot 
le and labor, I _ . ... 
it be removed, in wder 
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to get at the stt^QSng boxes, or that of the air pump piston, where :the top 
covers, valyes and moving parts must be removed for access to the interior. 

Oils, red leads and other substances tha£ harden or bake should not* be 
applied to packing for movable parts; also the packings themselves should 
be of substances that do not bum. Softness, pliability^ and elasticity 
should be their chief properties, and these should be retained as long as 
possible. 

The packing used for moving parts is generally employed in round or 
square rings or strands of soft metal, of asbestos, of rubber, of combinations, 
or of hemp made up into braids. 

The packings, particularly the soft ones, are sometimes soaked with 
tallow, or graphite powder is rubbed into them to increase their durability 
and resistance to wear. 




Pigs. 2,255 to 2^257. — ^Engineer's packing tools for tise in removing and inserting packing. 

Methods of Applying Packings. — ^The way in which a 
packing is applied varies greatly according to material, position, 
finish of faces of joint, nature and duty of part in need of packing. 
It is expedient to apply the hand made packings in a heavier 
layer than the nearer uniform commercial packings. * 

On rough surfaces more packing material is neL-ded than on smooth or 
finished stirfaces. Stationary parts, with a higher clamping pressure, 
need much less packing than movable parts, where the packmg is com- 
pressed comparatively lightly. 
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The pressure upon the packing is generally exerted hy bolts, 
nuts, or tap screws. . . 

For stationary parts the: p^^cking is clamped between stiff flanges 
which with the numerous bolts, exert a very heavy presstu*e upon the 
packing. The bolts should t)et spaced closer together with light flanges 
than with heavy flanges, as otherwise a slight bule^ng of the flange between 
the bolts may take place, leadihg to leakage and final tearing and blowing- 
out of the packing material. 

For moving parts the packing is forced into a special recess of the 
stufling box or piston by a gland or follower ring. As the danger of blowing 
out is practically removed in these places, the area under pressure being 
generally much smaller than with stationary parts, and, as the desired 
elasticity of the packing makes a low clampmg pressure advisable, fewer 
bolts are required. 



POWeR RBCCIVED 



CUTOPP 



POWER DEUVERCD 




X 



■ ■ 



Pig. 2,258. — Cut off coupling for power transmission by line shafting. It is used to cut off a 
driving shaft from a driven shaft. Its use obviates the use of a qtUllt such as is shown in 
fig. 2.858. 



Iron rust cement is applied to cracks, patches and repairs of permanent 
character in general, where the interstices must be filled by a body that 
becomes firmly solid and iron like in nature. It is made up from fine iron 
filings into a cement or paste by treatment with acid. This turns the 
metallic iron into iron rust, baking the particles together. 

Red lead is made up from the powder by mixing thoroughly with linseed 
oil, until it is of the consistency of paste. 

It is used for the largest number of joints not too frequently broken, where 
the hardening of the red lead by the drying of the oil is of advantage for 
permanent tightness in the joints. 

A thin wash of red lead, or only linseed oil, in connection with canvas 
or paper, is used with advantage for a large ntunber of machinery joints. 
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like cylinder covers, valve chest covers, etc., which require comparatively 
frequent lifting. 

Gr(y>U(« is applied, in conjunction with metallic, asbestos, rubber and 
fibrous packings, as powder or made up with a little oil or tallow to a paste. 
It is excellent for all joints that are frequently broken ; prevents burning 
of the packing to the faces, and effects a saving of material by keeping tie 
gasket in good condition for renewed employment. 



Pig. 3,2fi9.— r. S. C^ass 1, metallic dcnible packiiie. The inner or upperMt of Babbitt nutsl 
Xing* doss moat of the work. It is stparated from tho reit of the pnoldos by s dividina 

leak timiugh the first set of rings it is caught by the second set and can be drained off; also 
ahould the£rst set of rinKswearout, the second set is already on the rod to take up the work 
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packings, however, made up and ready for use, save so much time and labor^ 
and prove in the end so much cheaper, that the practice has practically- 
died out, being employed only in emergencies and special cases. 

Asbestos Packing. — This is made in shape of sheets, round or square 
strands, wicks, etc., from the fibrous raw mineral material. It has the 
valuable quality of being incombustible and imperishable, and is thus, 
eminently adapted to all high pressiu*e pipe and machinery joints around 
boilers and engines. It ranks with metalUc packings in this particular. 
One great advantage is its softness, fibrous natiu*e and comparative elas- 
ticity, while it is, on the other hand, not nearly as durable as metallic 
paclang, and, therefore, more expensive. Some engineers employ asbestos 
packing, together with metalUc packing, in stuffing boxes, thus combining 
the softness and elasticity of the asbestos with durability of the metallic 
packing. 

Rubber Packing, — This is the most frequently employed material. Its 
great elasticity, comparative strength and toughness, tightness and mod- 
efSite price make it an excellent packing for all water service, joints around 
pumps, pipes, manifolds and valves. Numerous engineers prefer some one 
of the particular makes of this packing for low pressure and exhaust steam 
joints. 

Rubber packing is made in sheets of all sizes, gaskets, round and square 
strands, washers, etc., generally with a body of canvas in one or more layers^ 
that increase the strength and resistance against blowing out. 

Graphite, rubbed on the faces of rubber packings, effectively prevents 
burning on, thus allowing the gaskets to be used over. 

Metallic Packing, — Usually metallic packing is made from the soft 
metals, which, under pressure, yield and shape themselves to the bearing^ 
surface. It is almost universally employed, and proves excellent for high 
steam pressure, where fibrous packing would bum and last but a very short 
time. The elasticity of metallic packing is, however, considerably less 
than that of the fibrous packing, and this is a certain disadvantage, par- 
ticularly in stuffing boxes. To overcome this lack of elasticity, certain 
constructions of metallic stuffing boxes employ springs, which tend to 
prevent gripping of the packing on the rods. The greater complication 
of this arrangement is objected to by many engineers, and the simple, 
more rigid arrangement preferred. 

Copper, lead, Babbitt metal and similar compositions of soft nature are 
employed with advantag[e in form of rings, sheets, stuffing box coils, etc 
Copper is employed in rings of round, or triangular, sections, or in corru- 
gate discs for packing on flanged boiler valves, manholes, pipe flanges or 
engine flanges. It is very durable and lasting, but, with iron flanges or 
faces, it sets up galvanic action in some liquids, thus quickly destroying 
the smoothness of the faces. 

The lead or Babbitt metallic packings are used in sheets for flanges, or 
in split rings for stuffing boxes. Their melting point shotdd be considered 
for high pressure steam. Babbitt metal may be mixed so as to resist very 
effectively any temperatures in use. 
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3. REPAIR 

A thorough overhatiHng of an engine is occasionally required 
in order that general repairs can be made. The principal 
reason for taking an engine apart is to ascertain the exact con- 
dition of the pistons and bearings, and cylinder walls. 








^^jji jjm^ /f! ^ 







Pigs. 2,260 to 2,270. — ^Various wrenches. Fig. 2,260 Moncky wrench (erroneously spelLBd 
"monkey"): figs. 2,261 to 2,263, Stillson pipe wrenches; figs. 2,264 and 2,265, alliflator pqw 
wrenches; fig. 2,266, pii>e tongs; figs. 2,267 and 2.268, chain wrench showing appucatkui on 
pipe and on flange; ng. 2,269, type of key wrench; fig. 2,270, offset wrench with 30° offset. 

NOTE. — The so called "monkey" wrench was invented by Charles Monckv, who sold his 
patent for a comi>aratively small sum, and who lived during the later years of his life in the 
Williamsburg section of Brooklyn, N. Y. The author refuses to dub such a valuable invention 
with the title of monkey and accordingly adheres to the correct spelling, capital and aU: 
"Moncky." 
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Fig. 2,271 to 2.276. — Vto and abate of the Moncky WTenQh. There is probably no wrench 
in existence more misused than this type. They are designed for tise by hand on uie nuts that 
they will take, and will stand all work put on them vnth the hands only^ giving good service if 
they are always applied in the proper manner. Invariably on calling for a Moncky wrench, one 
is brought otii looking very iHttehlike fig. 2^271 , with the jaws at an angle with each other when 
closed, instead of being parallel, as uiey should be. This condition is caused by abuse 
in the use of the wrench, principally through i^orance. When the Moncky wrench is 
applied as shown in fig. 2,272, there will be no difficulty about its. doing its work. When 
the nut is to be turned in the direction shown by the arrow, the -wrench must always be' 
applied as shown. Not only must the wrench be applied in the right direction, but it must 
come down full on the nut as far as it will go, the reason being that the force which tends 
to break the wrench or bend the jaws into tl^ shape of fig. 2,272 is along the line A, fig. 2,272, 
and with the wrenqh (dear down the leverage is reduced to a minimum. In fig. 2,273 it will 
be seen that the line A, is increased by n6t letting the wrench down on the nut,> although 
the jaws are closed up tight on the nut. Pig. 2,2/4 shows line A, not greatly increased, Imt 
through the loose adjustment of %ha jaws the comers of the nut get a greater purchase on 
the wrench and tend to push the iaws apart more forcibly. In figs. 2,275 tiie two forces which 
tend to ruin the wrencA have the best opportunity on account of the poor adjustment of 
the width between the jaws and the wrench resting high up on the nut. These are common 
faults in the use of Moncky wrenches, but the abuse most common is illustrated in fig. 2,276 
which shows the wrench upside down. As soon as the force is applied in the direction of 
the arrow, the outside jaw takes hold of the nut at B, and line A is mcreased at once. This 
ia positively a case where there is only one way that is ri^t, and any other is wrong. Not 
only can wrenches be saved by applying them as in fig. 2,272, but many skinned knuckles and 
mashed fingers might have been prevented, and of more importance, considerable time saved. 
When a Moncky wrench cannot be applied to its work properly, some other type of wrench 
should be used. Another infallible rule for the right use of a Moncky wrench, is to never 
use a piece of pipe over the handle to increase the leverage. Nor 'is it right to strike on 
one ot these wrenches with a hammer. Most of the ruined handles on Moncky wrenqjbes 
cpme from these two sources. All types of wrenches should be used with care and precision, 
and should always be placed squarely on the nut and made to fit it snugly. With socket 
wrenches it is often impossible to use them Unless they are held squarely and snugly to the 
work. 
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Each part as it is removed should be cleaned. As soon as 
one part is unjointed or uncoupled, insert its pins or screws in 
their proper place before laying aside. This will prevent any 
small parts being misplaced. 

In disassembling, the cylinder is removed, after the engine has oooled 
sufficiently, and the bore of the cylinder inspected for smoothness and 
wear. The piston follower ring is taken oflF, and the condition of the packing 
ring and the springs that force it out against the walls of the cyliider is 




D= 
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Figs. 2,277 to 2,282. — ^Forms of screw driver. A screw driver with a wedge shaped head which 
fits tl:^ slot of the screw, as fig. 2,277, should not be used, and yet is universally sold by 
manufacturers and used in that form. It is plain that this form of screw driver never fits the 
slot in the screw head and takes as much force to hold the driver in place as it does to drive the 
screw. Another fault is that it puts a strain on the screw head where the power which 
tends to break it apart is greatest. When the head of the screw driver is ground so that it 
takes hold of the screw head in the bottom of the slot, as in fig. 2,778, the strain on the acfew 
head is at a minimum, and the power of the operator is all spent in driving the screw alone. 
In some -^ases it is impossible to use ordinary screw drivers, owin^ to the cramped qiaoe, 
:and the drivmg force must be applied at right angles to the driving Ime. Pigs. 2,270 to 2,282 
show views of two screw drivers which are useful in such cases. It can be seen that with 
>the first type A, shown the screw head can be moved one-quarter of a turn and be picked tn> 
with the second type B, and turned another quarter, the two used alternately until the work 
is done. 

ascertained. The nut that holds the piston on the rod is inspected, to ascer- 
tain whether it has remained screwed down hard and is securely locked in 
place. 

Broken or worn bolts and nuts of the follower ring are replaced, and the 
springs are reset, so that a imiform pressure is exerted on the packing ring. 

If liners be fitted they are inspected for preservation of the padang at 
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the outer end, while the tap screws at the inner end are carefully examined 
to see if they be loose or broken. 

For large engines or tandem arrangements manholes are fitted that allow 
access to either end of the cylinder, without removing the piston. 

The valves are removed and the seats inspected for smoothness or wear. 

Solid piston valves, if worn, may have to be replaced by new ones, while 
those fitted with packing rings must have the rings spread. Poppet valves 
are inspected for tightness on their seats, and the seats are examined, if 
loose. Since, with double seated valves, it may happen that the distance 
between them is a little more, or less, than the distance between the faces 
of the seats, leakage may occur through either the upper or lower valve. 

An adjustment is made either in raising or lowering one of the seats, or 
in decreasing or increasing the length of the distance piece between the 
valves. 




Pig. 2^83. — Adjustable spanner wrench. This type of wrench is especially useful around 
pumps or engines having different sizes of screw cap stuffing boxes. The movable jaw is 
adjustable from one size to another with one hand and without releasing the grip on the 
handle. 



The attention given to cross head and connecting rod is mainly directed 
to taking up the slack in the bearing brasses. 

In the latter part of the voyage the engine will have given indication of 
too much slack by severe pounding and knocking, and the engineers will 
generally know how much fitting is required. 

If much wear has taken place, re-babbiting may be required, where 
anti-friction metal is used. 

In the readjustment of the slipper guide care is taken to see that the 
faces of the guide remain exactly parallel to the center line through the 
cylinder axis and the center line of the crank shaft. In larger repairs,, 
mere a cut has been taken off the face of the guide in the planer or milling 
machine, an accurate lining up is employed to secure this parallel position. 
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To meet the wear, either the guide may be brought toward the certter by- 
shims or distance pieces, or the slipper may receive the shims, or have 
higher Babbitt slips or blocks fitted in the dovetailed recesses.. The 
backing strips are then adjusted to the new position, or thickness, of the 
slipper. The cross head guide in the horizontal river engines inay require 
a more extensive overhaiding, as the boat, after severe service, may <iange 
its shape considerably. 

The distortion of the main axis, through the center of the cylinder and 
the center of the crankshaft, may be so great that a relining of the cylinder, 
as well as of the cross head guide, may be necessary. 

In beam engines the side pressure on the guide is generally so small 
that an adjustment of the slippers is seldom required. The result is then 
often due more to deformations of the gallows frame, and to correspond- 
ingly changed position of the walking beam. 




O^S^MIi. 






Figs. 2,284 to 2,288. — The socket wrench and its use. There are places where a Moncky wrench 
cannot be used to advantage, for instance, in removing the nuts from the dischai^e chambers 
of many ptimps, as here shown. A socket wrench is the thing to use although an S, or straight 
handle wrencn could be employed. Unless the jaws of a Moncky wrench nave a ftill bearing 
on the nut they will spring and this eventually ruins both the nut and the wrench. 

The bearings in the cross head and in the ends of the connecting rod must 
be adjusted, not only to fit on their pins, but also so that they may preserve 
the right position of the piston in relation to its bore. 

The piston must preserve the right clearances at top and bottom, and, 
upon wear in the bearing^ a lining up by distance pieces must be resorted 
to, so that the piston will return to its original position. To*realis:e the 
desired amount of clearance quickly by the adjustment^,. some, engineers 
employ trammels to show how far a certain mark on the piston rod or cross 
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Pigs. 2,289 and 2.200. — Centertng a pitton. The tool) neccuaiT for centering the piiton an. a 
Bale, preferably a 12 inch scale, and a pair of inside calipers, tocether with the necessary 
wnnchea for reniovina Elie cylinder bead and fallover plate and lor tuTrring the adjuatmg 

Tuatedead center neaicat the cylinder. This will brinathe piston to the end of the counter- 
bine in the cylinder as in ti«., 2. 289 where it m^ be eauly reached. After removing the follower 

o( the rod will be found to project a triP -™ -" -'-- ' ■-'---- .-..-• 

the calipers, and, plating one leg against 1 

have the eitremitiea of the legs parallel U 



ecting end of the md and the other agunat 
rod and the counterbore. being careful to 



:ebym 

lent is 7 inches, then the caliper v 
r '.6 more than bH inches, tecau. 
A of an inch. After setting the < 






lijton alichl]; 
I high. If it 



y.e;^ inches 



Tiing the side screw will also have i 
at again i>e placed on top of the n» 



of the rod occupies a perfectly central posi 
tliA rod very carefully ail around the cyli 
of tile cylinder the cahjieTS ahould ju 



the rod at alt IX 
M adjustiag sc 



rSd°b^«acl^'fn'th 
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head should stand with relation to a convenient, unchangeable face on the 
cyhnder casting. Others prefer to put marks on the guide and on the 
suppers, which coincide at the extreme positions of the piston. 

The wear in the brasses is taken up by reducing the thickness of the 
distance pieces between the two halves of the bearing. 





Pigs. 2,201 and 2,292. — Centering thepUton rod. If the engine be fitted with guide bars* or 
integral planed guides, have the cross head moved to the end of the guides nearest the crank. 
Then place the scale across the guides at the end nearest the cylinder and at a point ^vhere 
no wear has taken place. With the inside calipers take the distance between the scale and 
the underside of the rod close to the gland so as to get as great a distance as i)ossible between 
the points at which the measurements are taken, for where wear occurs, the diameter of the 
rod will be found to vary, the effects of which must be obviated as far as possible. Care 
must be taken not to spring the scale, and also to have the ends of the legs of the calipers 
at right angles to both the rod and the guides. The calipers should be adjusted so as to just 
"feef' the rod when moved back and forth on the scale. This position of the calipers is 
illustrated in the figures. The scale is then to be moved to the opposite end of the guides 
which will be the end nearest the crank. Place the scale ac;ross the guides at a point about 
two inches from the farthest point on the rod reached by the gland. Then lower the upper 
shoe of the cross head, if it' need lowering, and raise the cross head until the calipers will 
just i>ass under the rod, but not as easily as at the opposite end of the guides. Agsiin. briiu[ 
the scale to the cylinder end of the guides and try the calipers. It is very probable they wiS 
not touoh the rod at all. If not, set them so a<s to iust "feel" the rod and then trv them 
again at the crank end, having the cross head raised until the calipers just touch tae rod. 
Set up the upper shoe until it has an easy fit against the upper guide. This may be deter- 
mined by placing a piece of drawing paper on the upper shoe. Then set it up just tifl^t 
enough to allow the paper to be withdrawn without tearing it. It is prteumed these adjust- 
ments, both of the piston and of the cross head, will be made while the engine is cold, or prac- 
tically so^ so that when the frame is again warmed by the steam this amount of lost xnotioii 
will be dightly increased. It is not a good plan to attempt to center a cross head by talrmg 
measurements both above and below the rod, thinking th|tt the rod should lie eacactly mid- 
way between the two guides. While this may be found to be true in one engine, there will 
be fotmd many others in which it will not work. When centering the piston xod of an 
engine having bored guides, it will be better to calliper between the center (crosswise) of the 
upper guide and the rod, as in fig. 2,292, ^the eiunne run over, and between the center of the 
bottom guide and the rod when running under. The object of this is to avoid using sudbces, 
especially in old engines, that are or have been subjected to muoh wear. 
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Prequently, thin shims of sheet metal are taken out, iintil the bearing 
damps the pin when screwed or keyed down hard. The shims are then 
replaced in sufficient thickness to realize the desired clearances. TTiin 
shuns should be well secured to prevent them getting adrift and falling out 
under motion of the engine. 

The adjiistment of the brasses should be such that the connecting rod 
will continue to swing in a plane through the axis of the cylinder and 
square to the faces of the slipper guide. With divided upper connecting 
lod brasses, extra care is necessary to realize this result, as well as to make 

■e that both bearings, or both linJks, receive thetr full share of the bearing 



Pig. 2,283.— AJimnienl tat of piston rod. The Brat aim towarf auceesB and economy in the 
uw o( rod packjns it to B» that the rod ii smooth and that itiae^LBctlyinline. The virticsl 
ali^ment of the rod can readily be aacertained by means of a atrajeht edqe and a pair of 
innd* calwen. Place th« crwJc on thB dead center farthest from the cylinder. Lay the 
atzaight edee flatwue acrou tbe suidea, and with the calipera obtain the distance between the 
rod and thi stndght edte close to the stuffing boi. Then find where the rod slopi when 
entering the atuffing box, and at a point correspDnding to the depth of the atufUng box, aa at 

grit has worked into the pocldng for monthsn 



_ n this plane, and 

adjustment of the pin bearings should o 
plished. 

The shafting must always remain in a straight line, in order to prevent 
such strains by bending as, under the constant reversals in each revoltition, 
may soon lead, to fractures. A careful examination and realigtunent, in 
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case of wear, will, therefore, be necessary. The axis of the shafting should 
be square to the line through the center of the cylinder, and also square to the 
plane in which swings the connecting rod. The crank pins should be exactly 
parallel to the axis of the shafting. 

On marine engines the wear generally takes place in vertical direction, 
and the task of lining up consists generally in raising the shaft uniformly, 
or on one end more than on the other. A line of sight, parallel and above 
the normal axis of the shaft, is usually established in more or less permanent 
form, and is located by center punch marks on bulkheads or parts of the 
ship. From these center punch marks and additional sighted horizontal 
battens the position of the shaft is located by fixed trammels, which should 
barely touch the top of the shaft. The sight line may be easily corrected 
for deformation of the ship, and, if once established, indicates the differenoe 
between the actual and desired position of the shaft. 





Pig. 2,294. — ^Tratn and method of meaaoring shaft hdght. 

Pig. 2,295. — Method of using feeler to determine shitft level. The bearingca^ are all rsmoved 
and the tram is placed on liearing No. 1 as shown and the pin set so that it does not touch 
the shaft. It is ^en removed to the next bearing and that tested in the same way to de- 
termine what adjustments are necessary to bring the shaft to the level with the planed parts 
of tibe bed at each bearing. Try all bearings and set tram to the hii^est point, then go 
back to No. 1, and by the thickness gauge, or feeler, find the amount that the shaft must be 
raised. 



Each bearing, in its lower half, must be lined up, until the shaft is at its 
right height. The top brasses are often fitted to the shaft by first measur> 
ing the clearance over the pin, when screwed down hard. This is done by 
little balls or rolls of stiflf putty, or by pieces of lead wire, which are squeezed 
flat by the top brass, so as to indicate, at each end of the bearing, the exact 
clearance. The reduction of this clearance is then easily accomplished by 
filing the distance pieces or removing shims. 

The accuracy of the lining up of sh^t and connecting rod can be tested, 
I also, by successively tiu^ning the crank into several positions of a revolution. 
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and by comparing the clearances on. each side between crank webs and 
connecting rod brass. The coimectii^ rod brass should be Just free from 
the pin and free to swii^. Several faults may be found: 

1, The upper connecting rod bearing, if divided, may have been raised 
more on one brass than on the other, drawing the lower bearing of the rod 
to one side, and letting it bear only on the edges, at the same time pressing 
always against one crank web. 



liicom- 
Lot. if it 

id^«n 39 psrti of lln, tiu temperatuie bsinglcntavd u'soon u the 
Lcrnot to oxidLze the tin and uitimoay; thenufuflof the** '''*' * ~^~ 



:e will be found to 



-try *?1l; hut for beuiiin 
hat of the tin diminished. 



a poured. These nas. in new Ixpjies, ire sometimes bored out, or for rougher wc ...^j 

chipped Uld filed out to fit the shaft and hold it in line. To prevent the ribs A, B, and C, 
beanng and cutting the shaft, a piece of pasteboard ia laid on ribs A and B, thug conliiiins 

the babbitt well into the cavity D, which is made widest the bottom to prevent the babbitt 

a beating ia apt to close across theborewhen cooling afterbeing poured, a maodrel af slightly 
lar^r diameter than that of the journal should be used to run the bearing on in place of the 
working Journal or shaft. Some mechanics eSect the same purpose by wrappinff paper 

2. Another fault may result when the crank pin swings in a plane, not 
coinciding with the plane of the connecting rod and cylinder axis. In this 
case the lower brass of the rod will press against one web in the top position, 
and against the other web in the bottom position. 



J 
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When a marine thrust bearing requires attention, make sure that all the 
thrust collars bear uniformly on the rings, or horse shoes. 

With shafts that are out of alignment, it may happen that the collars 
bear more on the top than on the bottom of the horse shoes, thus tend- 
ing to tip them, and eventually to break them loose, from the clamping 
nuts on the side screws. In sucSi a case the shaft must be aligned, or other- 
wise the whole thrust bearing must be raised on one end, until the face of 
the horse shoe is again square to the axis of the shaft, coinciding with the 
faces of the shaft collars. 

In the same manner as the piston, the valves also must be retained in an 
exact position relative to the ports. This is true, since the whole steam 
distribution depends upon this position. The wear and slack in the valve 
gear bearing surfaces must, therefore, be taken up with due regard to this 
position. Trammels are frequently employed, in order to establish and 
retain a fixed distance between a punch mark on the valve stem and the 
face of the valve stem guide. 

The wear in the link block brasses is generally taken up by placing shims 
tmder the brasses. The valve stem end brass, eccentric ixxl brasses and 
eccentric straps are generally fitted with shims, to allow an easy and rapid 
taking up. 

In beam engines the rock shaft bearing may rec[uire taking up; the valve 
stem arms are ascertained to be secure on the lifting rods, also the dash 
pots, gear and drop arrangement of Sickles* cut oil gear must be inspected 
for indications of wear, such as would interfere with its correct worlang. 



Pig. 2.296.— r««/ Continued. 

around the journal, but it is wrong to use the journal for the following reasons: To get a' 
good, sound, well fitting Babbitt bearing, the metal should be ixmred as'cool as possible, 
for if- it' be heated red hot, it contracts so much in cooling that it does not fit well in the box 
or frame of the machine. On the other hand, unless uie metal is well heated, it is liable 
to cool and set too soon and thus become unsound. In remedying this the journal or what- 
ever represents it, must be heated and the heating is very apt to bend it. It is obvious then 
that instead of the journal or shaft, a temporarv iron bar of slightly larger diameter than 
that of the shaft or journal, should be used. The bearing into which the metal is potired, 
as well as the mandrel or bar of iron should be heated to about 200^ to 300** Fahr., which wili 
enable the Babbitt metal to be poured less hot than would otherwise be permissible, thus 
reducing the contraction of the Babbitt in the bearing to a minimum. ^ A little powdered 
rosin sprinkled in the box will help the Babbitt to flow easily, and smoking or chalking the 
mandrel is also said to make the metal run freer and gives a smoother face. As soon as the 
Babbitt has well set the temporary journal or mandrel should be revolved to free it. To 
prevent the metal running out of the bearing, its ends are closed by means of either clay, 
putty or red lead closely packed against the bearing ends and the mandrel. Ih pouring the 
melted metal it is best to pour it on the top of the mandrel and let it nm down its sides into 
the cavity of the bearing; brass mandrels are said to be better than iron to pour metal arotind. 
In pouring the metal on top of the mandrel it heats the mandrel equaUy and prevents it 
bending from unequal expansion, as it wotdd do if it met the heated metal on its lower half 
only. It mav be easily seen that if the mandrel bends, the' bore of the bearing will not be 
cast in line: hence the shaft will bear at the end only and will require to wear the Babbitt 
down to a oearing. 
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Valve setting is resorted to when the valve does not perfectly perform 
its steam distributing ftmction. Indicator diagrams, taken previous to 
disassembly, will give a possible due to the desirable aaiustments. 






Pigs. 2,297 and 2,298.— Tightening a cylinder head. All joints should be pulled up square and 
even all around from start to finish, especially where a metal joint is used. Dirt bemg left 
on joint surfaces often causes leaks, because the two cannot be brought evenly together, and 
just as often the leak is caused by the uneven strain on the bolts. Take, for example, the 
cylinder head shown in the figures, which has a shoulder all around the inside of the flange. It 
will be seen that by pulling on one nut first, the head could be tipped out of true, and only 
one edge of the shoulder jomt would touch. When first starting to set up on the nuts , a good 
method to follow is to set up on No. 1 nut lightly until the surfaces of the joint meet, then 
take up the same on No. 2 nut opposite to No. 1, then Nos. 3 and 4 in succession, after which 
the nuts can be taken up the same amount in the order given. Then go over them all 
again in the same order until the joint is tight. The space Ef* will be equaLall around if the 
pulling up has been properly done. This rule applies equally well on all joints, taking any 
nut for No. 1 and making No. 2 come opposite. 



APPLY BLOWS AS NEAR 
POSSIBLE 




Pig. 2f290. — Starting an obstinate nut or bolt.- Rustv, or large nuts or bolt heads often 
require more than a straight pull. A sharp blow with a hammer often starts an obstinate 
hold, where a straie^t ptdl would not. It is not advisable only in extreme cases to use the 
hammer on the wrench, but a hardwood block will do as well. In extreme cases a steady 
pull aided with blows will do the work. The blow should be delivered a» near the nut ae 
poeeible, as shown in the figure, instead of at the other end of the wrench as is usually and 
erroneously done, thus avoiding the spring and inertia of the wrench, and delivering the 
ftall energy direct to the nut. 
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Pigs. 2,300 to 2.331 . — Various pipe and combination wrenches. There are besides these, & few 
styles that are fairly well known, and several hundred, the majority of which have fortunately 
never gotten beyond making the original model and patent. CriticUing these wrenches, a 
well known dealersays that in his judgment, the world would be just as well (and the inventors 
better) off, if at least fifteen of them had never been discovered. Judging from the illus- 
trations, the author believes si much larger number could be elimmated without * ~ 

any inconvenience to the tisers of wrenches. 
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The steam cylitidera of the independent auxiliaries should be examined 
for tightness of their pistons in the barret, with setting out of old or fitting 
of new rings. All the working parts are well overhauled, taking up the 
dack in the different bearings of the connecting rod, crank shaft and valve 
gear, and all parts are well secured against the possibility of getting adrift 
during the voyage. '- 

The valve gear of.the reciprocating auxiliaries are inspected to determine 
whether the pumps keep their right Cull stroke, or whether their tightness 
is sufficient to hold the steam well. The valve gears of the revolving 
auxiliaries are examined for the position of the valve on the rod, the position 
of the eccentric and the tightness of the valve. 



Pics. 3.332 to a^SS^.—PiiK tongs and B conunon nsult 
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pnfemble for ^ 

■uppU«a. and the vaiiety of conatnictkinB ifl Ihj^ anou^h to Huit evefyone. Porpipf 

woilc an adjuitable wrench will usually be found preferable, aince a slight motion 

the jawa will enable the wrench to take hold where (uied jawa might prove uaelcim. lut 

aune difRculties are experiaiicfld, and often nodced in using pipe wrenobas as with those 

for turoiM nut«, via., one wrench is made to serve too man^ uses. Whan properly used, b 



St adapted to 



In screwing up or elaekinH off . 

possible. Many cases of split pipe nave been attributed 

middle of its leneth, allowing the pipe to twist under the 

the pipe in the same place. When many hard nulla are ni 

pipe cut through in places. The proper thing 1o do in taking uijiua 14 kw ■ll^.vc ^uc .f,ciu.u >.vj>m 

the length ^ httle and back again, so that the teeth of the wrench will' not gnp twice in the 

taks hold with the work well up in them. There is one thL^ which limita this, howsver, and 



a pipe tongs, and ur this reasan the former is the beat U 
wrench ontfie larger siies cf pipe, discarding the StiUson toK 
Stilison on a boll head. nut. stud or finished work, as there is all 
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4. LAYING-UP 

The tenn laying up, as applied to machinery, means putting 
it in such condition that it may remain unused for a more or 
less extended period o£ time without impairing its further xise- 
fulness. 

The principal danger, threatening to impair the future use- 
fulness of the machinery, consists in rusting and corroding. The 
engine must be thoroughly protected against rust and corrosion. 



Fn;.2335, — RepakotflawincranJtuwfr. Twain 
heat«d aod sbniDlc on, "* — i--i.-a -- ^l-^ ' 

obtained. Coupling bi 
Fig. 2.33a. — Repiur of broken emnli ptn. Bore ont the crank pin to almost one-third its diiun- 

flter, and pi>t in a repair pin. a driving iit. A small locking pin ftcrewed half into cmak pia 

and bali into repair pin will keep it in place. 
Fig. 2337. — Repair for broken tftruaf >ha/t. The collara ihould be bored or ilotCed out and 



Particularly on the finished surfaces, such as piston and valve rods, 
cylinder bores and valve faces, as well as on all the bearings, a gr^t im- 
pairine of the future usefulness of the engine would take place, if mst 
should deprive them of their smoothness and condition of least friction. 

The remedies applied are, in this case also, protecting coats 
of paint, oil or tallow, and the prevention of condensation by 
ensuring a dry surrounding atmosphere. 
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All rough surfaces may be painted, while the finished surfaces receive 
coats of heavy oil, tallow, or a mixture of tallow and white lead, which 
latter adheres very finnly and possesses at the same time considerable 
body and lasting qualities. 

The copper, brass or bronze parts are naturally more immune from 
corrosion than the steel parts, and the latter, therefore, require the greatest 



The bearings of the shafting may hold moisture that would corrode the 
lower part of the shaft, if plenty of tallow be not applied to the lower brass. 

An. occasional turning over of the engine with the hand turning gear is a 
wise precaution to make sure that nothing rusts tight. 

The greatest care should be taken to remove all water and moisture from 
the engme, and no protective coating should be appUed to any part of the 
machinery that is not dry and at least moderately warm. 



Ag.2,338.— StnpwiBDchtorpolnhedpipa.tbiatubiiwMidKidi. 1 
be emplDj'cd on luctt inrts u jnMoa tai vitvs_ red*, « — --' 

, ^-.ticoUily adapted M van , ,-, 

m emerr cloui or thm leoHier u osed in tumjiig poluhed piping, the ordinary pipe 
..ith iu uiaip teeth ia liable to cut tbibu^ and mar the nirlaca, •spvdall/ uooer a 

All drain cocks should be kept open, and the ei^ine turned several 
times for the complete removal of all water. If a systematic inspection of 
the ports or any pockets of cylinders, liners, valve chests, stop and other 
valvesshouldrevealany water lodged in these pockets.it should^^besponfied 
out or a little hole drilled for drainage. In localities where freezing weatier 
is likely to be endured by the laid-up machinery, this proves of the greatest 
importance, as such imprisoned water, upon freezing, expands, and is very 
apt to crack the casting or'the part in which it is contained. 

The auxiliary machinery and piping are prepared for laying up 
in a manner similar to that usedwith the main engine. 

All rough parts may receive a coat of paint or linseed oil, while the 
finished parts receive a coat of heavy oil, of tallow, or of a mixture of tallow 
and white lead. 
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The preservation of the efficient and useful condition of the 
machinery depends upon the successful protection against con- 
densation of moisture. There are two factors generally in- 



Fic. 2,342.— Kit of looli uieful on repair jobs. With thii outfit vi 



fluential in preventing the precipitation of water from the 
atmosphere: The first is to keep the air as dry as possible by 
preventing its absorption of moisture from water in the bilges 
or open tanks. 



HS much fine bUck lead 
I tac macmnerv an<i tmear it witn tau m " 
It will keep clean for months under or 
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After 21 houn rub deu with aoft linen. 
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As is well known, air of low temperature can hold suspended moisture 
less easily than warm air, which tendency finds its climax in ireezing 
weather, when the moisture is nearly all thrown down in form of frost or 
ice. By keeping fairly dry air, at a relatively high temperature, the dan- 
gerous "sweating" can be largely avoided. In localities where the laid 
up machinery is exposed to freezing temperatures it is found advantageous 
to provide for artificial heat, in some form, in the engine and boiler room. 
This helps to keep the temperature of the air and the machinery as nearly 
imiform as the conditions will allow. On the other hand, too high a 
temperature, say above ninety degrees Fahrenheit, may be undesirable, 
as it may stimulate larger evafKiration from any water that may be present, 
and thus add to the total humidity of the air. 



Fic- 2,343, — ApplicBtion of tha socket wrench t( 
development of the socket wrench is due largelj 



The second is to keep the air, as tmiformly as possible, at an 
average comfortable temperattire which will prevent sweating 
or throwing down of the moisture. 

It is apparent that the accumulation of water as upon the floor or in tanks 
furnishing extended surface areas for evaporation would furnish con- 
siderable moisture conducive to the formation of rust. Accordingly, 
floors and other surfaces should be kept dry and water tanks should be 
kept empty, or, if water be needed, should be supplied with tightly fitting 
covers, in order to prevent evaporation. 
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CHAPTER 43 
ROTARY ENGINES 



Considerable time, thought, and money have been expended 
on the problem of devising a machine to compete with the 
reciprocating engine, which would avoid the disadvantages of 
applying power alternately in reverse directions. The efforts, 
in most cases, could have been more profitably spent if directed 
in other channels. 

The so called rotary engine may be defined as an engine in 
which the piston revolves with the shaft, or the cylinder revolves 
upon the piston. 

The distinction between a rotary engine and a turbine is 
that the rotary engine employs both rotating and reciprocating 
motions, while the turbine operates with a rotary motion only. 

The length of the stroke, therefore, is the path of the piston, 
around the cylinder bore. In some forms of rotary engine, 
cam shaped pistons, are employed; in others, the piston head 
carries small sliding pieces, which are moved in and out, to pass 
an abutment by cam motions; in some cases, the abutment 
itself is moved, to allow the piston to pass. 

Pig. 2,350 illustrates the principle of operation of the ordinary 
types. Steam enters continually at S, and escapes at E. Sliding 
pistons P, P', project from the rotor R, and touch the casing 
C, furnishing the moving surface upon which the steam force 
acts. Some simple contrivance, such as a circular groove in the 
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ends of the casing and projections on the pistons, must be 
added to keep the latter in contact with the abutment. 

This particular scheme has the fault that it makes no pro- 
vision for expansion of the steam, which puts it in a dass with 
the small direct acting steam pump. 



PISTON 



STEAM 
INLET 



^ 




EXHAUST 



C0N^4ECTI0N 
©ETWKN PI5T0NS 

Fig. 2,350. — ^Double piston non-expansive ]X>tary engine illustrating working principles. In 
operation, steam enters at S, and exhausts at E; during its passage, the force of the steam 
acts on the pistons P, thus causing the engine to rotate. This particular type makes no 
provision for expansion, hence the waste of steam is excessive. 



. Inherent difficulties have prevented the economic success of 
the rotary engine, \yhile the development of the steam turbine 
has satisfied the demand intended to be met by the former. 
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the tortional strain due to the power imparted to t^e shaft. The snail pises answer^ 
tloublfl purpoae of keeping steam inside of the pistons to throw them out and to coDvey t^ 
oU to t&e insde of the machine. The oil first passes from the small piipes to the journals. 
theoce it is carried by the steam into the center of the runner, which it hollow, and is dip 
tributed to the sides of the pistons, by which it works out to the case and is carried out 
Huough the operating valve by the exhaust steam, thus lubricating the entire mai^uiiE bf 
mean* o[ only one lubricator. If the steam (ecd is to drive s rope drum, connect the feed to 
it with > sear wheel and pinion la that it vill give the feed about one revolutioo to each 18 
mom tfkvel o{ carnage. 
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Although possesamg the advantages of a non-reciprocating motion, and 
cheapness of construction, all rotary ei^ines are more or less wasteful 
in fuel. This results from several causes, not the least of these being tiie 
tendency to excessive leakage. Another loss is caused by radiation from 
the comparatively large potion of metal surface in which the steam 
comes in contact. Further, since the machine develops its power by the 
combination of a small driving force with a high velocity, the rufobing 
friction due to an attempt to keep the piston tight will absorb an excessive 
amount of power. 
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These unavoidably bad features overbalance the good points, except 
possibly in certain special applications of power where economy of fuel 
IS of secondary importance. The rotary engine is useful where it latdesired 
to develop a large amount of power in a small space, and under conditions 
requiring satisfactory working with little and incompetent attention. 
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The only class of rotary engine worthy of serious consider- 
ation from the view point of economy is that in which steam 
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Pigs. 2.307 to 2.37i.— Text tomimud. 

rings 12. shown in fig. 2.371. These flanges im bolted fast to the piston and have boltsd to 
them the telescopic discs IS, which fit over the abutment 3. shown in figs. 2.3 >7 and 2.368. 
Theplates I0o(fig.2,373. close theopeningsthrouEh the telescopiodiscs. The entire rotating 

Sinn cenliS^thThe outer "asW- The compensating rings 12, 'are so'arranged as to 
balance the centrifugal force of the blades, thus keeping the rotor steady, and the^ also 
serve by their positions in the grooves 23 of fig. 2,371, to niove the blades in and out in tbe 
gitwves of the nanges. so that they are kept bearing against the cylinder walls at all times, 
with a packing strip along the edge to make a steam tight joint. The piston, which is 
mounted in the abutment 3. eccentric to the abutment bore, provides the means for ei- 
pansive working of the steam. Steam is admitted through the pipe 20, of fig. 2,366, and is 
controlled by a CorUss type valve 6 of Sg. 2,372, operated by a rocker arm and eccentric, the 

with the abutment on "^e priming pockets 13, being held there by the bearings, 25. As 
the blade passes the admission ports 20 of fig. 2. 3R7. the admission valve is opened wide, and 
steam is admitted behind tbe blade, forcing the piston forward until cut off occuis, that 
point being controlled by the governor according to the load. Steam then expands behind 
the blade, forcing the piston forward until it reaches the exhaust port, 22 of fig. 2,367. wheo. 
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is worked expansively. An example of this class is shown in 
figs. 2,366 to 2,373. 

In fig. 2,366 is shown the assembled engine rea^ to run. It has a fly 
wheel governor which changes the point of cut off to suit the load. The 
eccentric, by means of an eccentric rod and rocker arm, drives the oscil- 
lating admission valve as shown in the figure at the lower part of the 
engine. 

In fig. 2,367, the ports through which the valve admits steam are in the 
bottom of the casing, on 'of them being seen where the revolving piston 
on the rear side has been removed. The ports in the abutment are in line, 
but the ports in the valve are staggered so that the valve rocks back and 
forth steam is admitted, first to one piston, then to another. 

Two revolving pistons are mounted centrally on the outside casing, as 
shown in fig. 2,371 , and held in this position by bearings in the heads. Each 
piston has a cotmter balance blade as seen in the figure, at the lower right 
hand side of the piston and the counter balance in the slotted arm of the 
piston at the upper left hand. This blade laps across the flanges of the 
piston, the object being to make a steam tight joint. 

In operation, as the piston blade crosses the lower center of the engine, 
the valve rocks to open the port and admit steam behind the blade piston; 
this forces the revolving piston around, and the valve rocks to cut ofif steam 
at the point required by the load, as indicated by the governor action. Prom 
this point of cut off, expansion takes place, and when the blade on one side 
reaches its uppermost position, the blade on the other side crosses the lower 
center, and that piston begins to take steam. Exhaust takes place without 
the action of a valve when the blade crosses the opening to the exhaust 
port. As constructed, admission and expansion take up about 320 degrees 
of a revolution, and exhaust the remaining 40 degrees. 



Pigs. 2,366 to 2^3.— Text continued, 

release occurs. Pressure is equalized between the cylinder and the inside of the telescopiediscs 
through the small i>ort8 17, of fig. 2,368 and small check valves. The pockets 16, are thus 
filled at all times with the lubrication and condensation of the same pressure as that in the 
cylinder, and this bearing against the inside of the telescopic discs gives a floating bearing. 
Cm is also forced out through these ports 17, by centriftigal force and lubricates the running 
joint between the telescopic discs and the ribs 14. The ends of the telescopic discs make 
a tongue and groove joint with the center ribs 15, of fig. 2,368, of the abutment, thus pre- 
venting leakage. The flanges bear against the ends of abutment 3, making a running joint 
by means of packing rings. The piston* therefore, rotates inside the abutment, the nanges 
rotate against the ends of the abutment, and the telescopic discs rotate in the space 19, of 
fi^. 2,367. The endwise pressure is taken by the flanges, which bear against the telescopic 
discs, so that no pressure comes against the heads 5, of ng. 2,370. As the steam is swept from 
the admission port around to the exhaust port without reversal, the restdt is a "uniflow" 
effect, and the exhaust steam is never carried backward over the cylinder surfaces. The 
engine can run at high or low speed, with high or low steam pressure, and as there is no 
compression, water entering the cylinder does no damage. 
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CHAPTER 44 
STEAM TURBINES 



The development of the steam turbine was caused chiefly by 
the demand for a higher rotative speed, due to the introduction 
of the dynamo. Originally the dynamo ran much faster than 
the engine, the speed reduction being accomplished by means of 
a belt drive with pulleys of unequal diameters. 

The problem which naturally presented itself to the designers 
of dynamos and engines was how to reduce the speed of the 
dynamo, and increase that of the engine so that the two could 
be directly coupled. This resulted in the introduction of the 
short stroke or "high speed*' engine, capable of nmning with 
great rotative speed. On account of the large clearance space, 
due to the short stroke, these engines were not very economical 
in the use of steam; this, together with the disadvantages of 
ninning reciprocating engines at high rotative speeds caused 
inventors to turn their attention to the turbine. The problem 
now was reversed, that is, it became a question of how to increase 
the speed of the dynamo, and reduce that of the turbine suffi- 
ciently for a direct connected unit. 

Principle of the Turbine. — ^The operation of a turbine is 
due to centrifugal force produced by changing the direction of a 
jet of steam escaping from a nozzle at high velocity. This is done 
by so placing the nozzle that the jet will impinge on numerous 
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curved vanes attached to a wheel free to revolve, thus causing 
rotation. 

The kinetic energy of the steam is considerable, for although its wei^t 
at ordinary pressures is very small in proportion to its volume, the veloci^ 
of steam escaping from a nozzle is very p-eat. For instance, at 180 pounds 
gauge pressure, steam flowing direc%' mto the atmosphere has a velocity 
of about 3,000 feet per second, or 3,700 feet per second when flowing into 



The principle of turbine operation may be more clearly 
presented by aid of a diagram, fig. 2,375. V, V', are curved vanes 



Pio. 2,376. — Diaeram 
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d possible eddy 



attached to the circumference of a disc, or rotor W. At one side, 
and placed at an acute angle with the rotor, is a steam nozzle N, 
In operation, steam issuing from the nozzle at high velocity has 
its direction changed by the curved vanes, it being obvious that 
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if it enter in the direction shown by the arrows, it will leave its 
course as indicated. 

The steam, in flowing through the curved passages, causes the 
wheel to rotate, due to impulse in flowing from the entrance to 



Pig. 2.377. — Front and lucli ot Ridgw&y diaphnam nith cut nozzles. Tbe noitia cott- 
slructiOTt varies in the various diaphrairnis, impending oa the area required, Noules with 
Rman area are solid coating of speciH.1 B.Uoy, machined and accurately sliaped. Suchnoulei 

noi^les are cast in place in the diaphragm and extend ajl or part way around the pen^iei7 
of the diaphragm. 

the dotted line, and to reaction in flowing from the point to the 
end of the passage. 

It must be obvious that the rotation of the wheel is caused by centrifugal 



Pig. 2.378.— Curtis stationary noiilea for 300 kw. turbine, 

force acting against the forward vanes, and no/ by the pressure of the steam. 
For, if the curved passages be dosed, thus bringing the steam to rest, it 
would press equally against the vanes, V, and V; since these present equal 
areas, there would be no excess force tending to cause rotation. 
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If the blades were made as shown the area of the passages would not be 
unifonn and there would be spaces as at M M'not filled withsteam. Hence, 
in pragtice, blades are made thicker at the center than at the ends. 

Nozzles and Flow of Steam. — Since the action of a turbine 
dc-ijcnds on the motioa of the steam, the correct shaping of the 
nozzles to give the proper flow is essential. There are two 
important types, the parallel nozzle, fig, 2,379, and the diverging 
nozzle, fig. 2,380. The three principle sections of a nozzle are: 

1. The inlet; 



__-. The dirtinction betwoen the two ia that 

mtakBpIflceaitgrdiachaT^e from a parallel Dca*le,BDd before dia ch a r ^ 
in diTCTKina noule. In the first cue. the diachai^e takes ths fonn ol a conical jet and in 
Uie secoDd. that of a cylinder. The velocity ia greater with a diversinjE noxxle oince it ia not 
reduced at discharffe by lateral expamion. 

2. The throat; 

3. The outlet. 

Steam in flowing through a nozzle passes the inlet at the initial 
pressure; a definite fall of pressure takes place between the inlet 
and the throat, depending on the initial and outlet pressures 
and the type of nozzle ; the pressure again falls, or remains con- 
stant between the throat and the outlet, depending on the type 
of nozzle and the pressure at the outlet. 
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a. given ti — „ „_ _ ^ , 

as in fig. 2,379, depends oaly on the absolute initial pressure, so long 
as the absolute pressure, against which the nozzle disdiarees, does not 
exceed .6 of that pressure. If, however, the final pressure be more than 
.6 of the initial pressure, the weight discharged will be less than before, 
and will become very much less as the pressure difference decreases. 



Figs. 2381 uid 2,382.— Two views of West 



erally accepted as being correct. This is called the criiical pressure, and is 
the minimum pressure reached at the throat, no matter how low the 
pressure may be at the outlet. 

When a. parallel nozzle discharges into a medium having a pressure 
not greater than the critical pressure, the maximum velocity of discharge 
is about 1,450 feet per second. The steam, in passing through a parallel 
nozzle, does not expand between the throat and the outlet. In most 
turbines the steam flows through passages between guide vanes, which arc 
so shaped as to virtually form groups of parallel nozzles — ^that is, passages of 
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uniform cross section area, so that expansion does not take place within 
these passages. 

Where velocities higher than 1,450 feet per second are required, or where 
the pressure at the nozzle outlet is lower than the critical pressure, a more 
efficient jet can be secured by using the diverging nozzle, as in fig. 2,380. 
In a nozzle of this type steam expands to the outlet pressure within the 
nozzle itself, hence, at the discharge, it takes the form of a solid cylindrical 
jet, having a diameter, as shown, equal to that at the outlet. It is evident 
that the velocity ol discharge must be greater than with the parallel nozzle 
as, with the latter, the lateral expansion of the steam, on leaving the nozzle, 
considerably reduces the velocity. 

To secure the maximum velocity with a diverging nozzle the taper ot 
the walls must be correctly proportioned, to allow the steam to expand 
' within the nozzle to the pressure at the outlet — that is, there must be 
complete expansion. In this way velocities as high as 3,000 to 4,000 feet 
per second may be obtained. These high velocities are necessary in the 
operation of simple impulse turbines, in order to avoid loss in converting 
the pressure energy of the steam into kinetic energy. Turbines of this type 
must then run at great tangential velocity, because for efiident worlang 
the peripheral speed of the wheel should be nearly one-half that of the 
steam. 

Classification. — Turbines may be classified iri several ways; 
a common, yet erroneous division being with respect to the action 
of the steam,-^s: 

1. Impuls©^'^ 

2. Reaction. 

Both words, as used in this connection, are misnomers, and there- 
fore misleading, as will later be explained. 

With respect to whether there be one or more revolving discs, 
or rotors, in one compartment, turbines are called: 

1. Simple; 

2. Compound; 

and with respect to the number of step reductions of pressure, 
they are classified as: 
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1. Single stage; 

2. Multi-stage. 

There are also several divisions depending c 
in which the steam flows, as: 

1 On^.'M / inward flow, 

1. Radial ( o„t^rd gow; 

2. Axial, or pardJlel flow; 

3. Mixed flow. 




Fic. 3.383. — The firat impulse turbine; invented by Giovanni Bianca, of Loreto, Italy, in the 
year 1629. Purt impidse opcraliim. 

Fig. 2,3S4.~Aiiciea[ reaction turbine, as described by Hero, of Aleiandria, is the ytai 100 B. C 
Pitt rtaction otiration. , 

Impulse and Reaction. — Giovanni Bianca, of Loreto, 
Italy, in the year 1629 invented a turbine very much like a 
miniature water wheel, as shown in figure 2,383, and operated by 
a jet of steam; this represents a simple and pure impulse wheel. 

In a book written by Hero, of Alexandria, in the year 100 B. C, 
a very simple form of pure reaction turbine is described. As 
shown in figure 2,38i, it consisted of a hollow sphere, free to 
rotate on two trunnions, through one of which it received steam 
from a boiler. The sphere was provided with two opposite 
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projecting nozzles, at right angles to the axis of the tmimions, 
and pointing in opposite tangential directions. The reaction 
of the steam escaping from the nozzles caused the sphere to 
sevolve on its trunnions, in much the same way that water escap- 
ring from the arms of a lawn sprinkler causes it to revolve. 
' The two turbines just described are presented simply to illus- 
irate the operation of a turbine by impulse and by reaction. 



„„, , . ._„. m impi^M rteel in irtuch then is OO rea«tian; fi^. 3,387. 

fo oBlled iMGtim ^wd. 

AU modem turbines, although grouped into two classes, as impulse 
and reaction, operate by the combinaHon of these two forces. 

Fig. 2.385 shows the usual type of blades in the so called impulse 
turbine, and fig. 2,386, the necessary shape for impulse alone, 
without any reaction. Fig. 2,387 shows what is known as a 
reaction turbine. By comparing figs. 2,386 and 2,387, it will be 
seen that the operation of these wheels is, in each case, due to 
both impulse and reaction. The distinction between the two 
types depends on the shape of the nozzle and vanes. 

The use of the terms "impulse" and "reaction" is unfortunate. 
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but ^ce their misapplication has become general, it is necessary 
to understand the significance as apphed to turbine operation. 

In the so called impulse type, fig. 2,385, the nozzle is of a diverg- 
ing cross section, allowing the steam to expand therein; it thus 
attains a high velocity, and impinges upon the moving vanes. 
The steam, in passing through the wheel, imparts some of its 
kinetic enei^ to the blades, and leaves them at a lower velocity» 
but at the same pressure at which it left tlie nozzle. 



,'ief or Westmjhoui 
ng noulfl and reverse 



In the so called reaction type, fig. 2,387, the nozzle has parallel 
sides, hence the steam passes through it at practically constant 
pressure, expansion taking place during its flow through the 
■wheel. The passages are of diverging cross section to permit 
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this expansion, thus reducing the pressure. It is important to 
note from the foregoing that : 




toNOENaen ^ iniTia 



,^letely enpanded in the nojzles, beine ,- — , 

The velocity falla in passing through Che wheel, a 




leaving the i 



2,304. — Compound in 



ty diagram. St 



In ike impulse type, steam enters and leaves the passages 

between the vanes at the same pressure. 
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In the reaction type, the pressure is less on the exit side of 
the vanes than on the entrance side. 
Expansion is confined to the nozzle in the impulse type, and to 
the vane passage in the reaction 
type. 

Simple Impulse Turbine. 

— A simple turbine is one 
having only a single wheel. 

} The principal features of this 

I type are illustrated in figs. 2,389 

3 to 2,391. It consists of a single 

J wheel enclosed in a casing, or 

I compartment, and having one 

I or more expansion nozzles, 

a which direct the steam at an 

I acute angle onto the vanes. 

I The diagram fig. 2,391 shows 

I the action of the steam in pass- 

b ing throi^h the turbine. 
I 

g It should be noted that the steam 

•» pressure is at a maximum at the 

% inlet of the nozzle, and at the out- 

*• let is reduced to the pressure of 

M the condenser. The pressure then 

& is the same on both sides of the 

.i wheel, hence there is no leakage 

S of steam through the dearaace 

g spaces. 

'I The velocity of the steam is 

£ greatly increased in passing 

I through the expansion nozzle, 

"i reaching, under conditions shown 

^ in the diagram, a, speed of about 

". 4,000 feet per minute. The 

^ revolutions of the wheel must. 
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Compound Impulse Turbines. — Part of the energy re- 
maining in the steam as it leaves the vane passages of a single 
turbine could be converted into useful work by causing it to 
act on another wheel. The two wheels could be keyed to one 
shaft by interposing a set of stationary guide vanes, having a 



Pig. 2,390.— Weitinshousr. impulse type single wheel turbine r 
from CHTbon ateel lurEinga. The genis are o( the split helical 

reverse curve, so as to deflect the steam on leaving the first 
wheel and cause it to enter the second wheel at the proper angle. 

The speed of rotation, then, would not have to be so high as 
with a single wheel in order to absorb the same amount of energy 
from the steam. This arrangement is called a compound turbine. 

In some cases more than two wheels are keyed to the shaft, 
the number depending on the revolutions, and the desired re- 
duction in the velocity of the steam. 
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The application of the compound principle is illustrated in 
figs. 2,392 to 2,394. Here three wheels are shown keyed to the 
shaft, being separated by two sets of stationary vanes, all being 
enclosed on one compartment. 

As in a simple turbine, steam enters the compartment throi^h an expan- 
sion nozzle, so as to generate a, high initial velocity ; passing from the nozzle 
outlet it impingeE upon the vanes of the first wheel, and then passes through 
the first set of stationary vanes, which are curved in a reverse direction 



the light hand end of the caaiEiA. And flows thence through noulei and impingea upon the 
buckel* ot the fiist wheel. The noiiles employed in the first stage are formed of tubea 
carefully bond and reamed and Bet in the nozsle ring, or they may be bored end reamed 
directly in the lUHile ring itself. The noiilea of this stage occupy only a poitioQ of the 
circumference, to avoid the difficulties of very short blade Icneth always encountered 
where luil adniissioa is employed in the first Btace. Any or all of tneae nozzles may be con- 
tnlled by hand operated valves seating upon the inlet openings. These valves, however, 
are oot used fcrr epeed reffulation, and are not operated automatically, as it has been found 

suTginga and fluctuations in speed, especially where several tuTbo^eneratcirs aie opeiating 
in panJIel or (upplying current to rotary conveitera. The purpose of hand control of the 

several noisles of the De Laval turbines is to permit o' '^ ' ' — ■ 

as the lovd chansea ereatly at different periods. 
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The velocity of the steam, as indicated in the diagram, falls during its 
passage through the wheels, but remains constant in passing througk 
the stationary vanes. Since the velocity is gradually decreased as it 
passes through the several wheels, it must be evident that if the saroe 
quanlity of steam is to flow through successive wheels in the same interval 
of time, the passages must gradually increase in size. 

The passages throuph the stationary vanes are of uniform cross section, 
because the velocity here is constant, however, it should be noted that 
the second set of stationary vanes is larger than the first, since the velocity 
of the steam is less at the exit of the second wheel than at the first. 
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:msh the turbine is gfii^ed by len^henmg the bladee, icducinj 
■espondingly and increasing the bore of the cKiing. The length 
d in theTaat wheel really determine the maximum (peed al 
rated, while the length of these buckets and the diametei of 
num capacity tor given steam conditions. A proper balance 
lin^ of the last wheel with respect to diameter, pressure dtrip. 
e, IS rendered possible by the use of a speed reduction gear- 
ickels are mounted consist^ of hydraulicaiy forged steel Jij^ 



upw. the shaft by means of taper bn 



rmitting them to be locked in place by 
I the stiffness of the shaft. The who 
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Simple Multi-Stage Impulse Turbines.— In the simple 
turbine, figs. 2,389 to 2,391, it will be noted that the boiler pressure 
is reduced to exhaust pressure in one step; the excessively high 
steam velocity thus generated calls for a very high number of 
revolutions of the wheel to efficiently absorb the energy of the 
steam. If the speed of the wheel be reduced, there would remain 
considerable residual velocity of the steam after leaving the vane 
passages, resulting in undue loss. It has been shown that this 



Pig. 2,400.— Pari 



of the noaies forinad betweei 



lost energy could be absorbed by a second wheel working com- 
pound, as in figs. 2,392 to 2,394, thus permitting slow speed, 
without loss in economy. 

A turbine may be designed to run at slow speed without loss 
by employing the multi-stage method of transforming the pressure 
enei^ of the steam into kinetic energy. The word "stage" 
as applied to turbines, relates to the conditions of pressure under 
which this transformation takes olace. 
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The applicatdoa is much the same as when applied to the steam engine. 
Thus, a triple expansion engine is sometimes merred to as a three stage- 
expaimoa engine, that is, the expansion of the steam in passing through 
the engme is cUvided into three steps, part of it taking place at high pressure, 
part at intermediate pressure, and part at low pressure, there haag a sepa- 
rate cylinder for each step. 

INALOR 
ENSeR 
SURE. 



5T 
VELOCITY 

Pigs. Z.401 to 2,40S.— Simple multi-BtagB impulie turbine and presBure vslocity diaarwn. Thft 
word "itaAe Rlat«fl to working preBBUTE. In a multi-stage turbine, aCeoiu, ia paflsmg 

set ofnozile for each stage; the pr«uui« of the ateam ia constant in passing through a com- 
partment, but drops succeaaivel/ as it passes through the sevenU sets of uoulea, rvvvwrating 
velocity at each nduction of pressure. Modem multi-stage turbines sometimes have as 



A multi-stage turbine, then, is one in which the pressure energy 
of the steam is progressively transformed into kinetic energy in two 
or more pressure stages. In construction there is a separate 
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set of nozzles, and a separate compartment for eacli stage, as 
shown in figs. 814 and S15. 

In operation, since there ia only one wheel in each compartment, it ia 
evident that for efficient working the velocity of the entering steam must 
be proportioned to the speed of the wheel, and must be sudi that it will 
be reduced to the exhaust velocity in passing through the vane passages, 
For, since the entrance velocity depends on the amount of pressure reduction 
at the nozzles, any excess velocity after leaving the wheel represents an un- 
due pressure loss, which otherwise would be available for generating 
velocity in the second set of nozzles for the second wheel. Now as the 
wheels run at slow speed the entrance velocity should be moderate to avoid 



labyrinth jiacldnc between the diaphraxme sol the hi^ of the 



a by keys. Tho 
fto Bhown. 

the loss just mentioned. Hence, with the proper number of stage, thri 
reduction of pressure at each set of nozzle may be so proportioned as to 
give the correct entrance velocity to avoid loss. 

The relations of pressures and velocities for the several stages are clearly 
showa in the diagram. It should be noted that the velocity falls to that 
of the exhaust during each stage, being regenerated in passing through 
each set of nozzle by successive reductions of pressure. 

The multi-stage turbine is subject to leakage at points where the shaft 
passes through tite walls of the compartments, as at A B, which requires 
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Figs. 2,411 to 2,416. — ^Hamnton-Holzworth stationary discs. These are built up of two side 
pieces riveted together. Each vane is a separate piece held by a projection at its lower end, 
which fits in an annular groove between the two discs at their periphery. The vanes are of 
drop forged steel and are secured by rivets. After they are in position, their outside ends 
are ground and a steel ring is shrunk on. In figs. 2,414 to 2,416, M, N, O, are three forms in 
which the drop forged vanes may be made. In the turbine, as now constructed, however, the 
vanes extend around the whole periphery , so that the type shown at 2 ,4 1 5 is the only one reqtaired 




END CA8iN6 
OF TURBINE 

PHJJ)W BLOCK 

Fig. 2,417.^Hamilton'-Holzwarth gland and shaft bearing; sectional view at the point where 
it passes through the end of the turbine casing. The shaft is turned to a smaller dianieter 
at its eodt and runs in a bushing G, having a flange bearing against the inner side of the pillow 
block. At A, is a cylindrical piece attached to and rotating with the shaft. This piece 
projects into an annular groove in the piece B, but it does not completely fill the gr^oove 
ana a circuitous passage is formed, through which the steam must pass before reaching the 
stuffing box C. The object of this passage is to provide condensing surface so the steam itself 
win not reach the packing. The joint at the stuffing box is thus practically a water locked 
joint. To prevent the ou working into the turbine, a bushing F, is attached to the shaft, 
which throws off the oil into the space D, by centrifugal force, where it drips down through 
a channel E, into a compartment in the pillow block* Any water escaping through uie 
stuffing box is alsa coHected in the same compartment. The bearing is oiled by a lorced 
oil system, the oil being supplied to the bottom of the bushing. 
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special packing, and, unfartunately, is inaccessible. However, multi-st^e 
turbinei are built with a large number of compartments, frequmtly thirty 
or more, hence the successive drops in pressure are very small, bo there is 
little tendency to leakage through stuffing boxes. 

Compound Multi-Stage Impulse Turbine. — la order to 
reduce the large number o£ stage necessary in the simple multi- 
stage turbine, especially when working at high pressures, the 




iltL-staee impulse turbine and pnBure velocity dii(nii 
Lnd turbineB joined in series, or the equivalent, a malG 

of stage), especially in case of high initial preseun. 



compound principle has been applied by placing two or more 
wheels in each compartment. Thus a greater pressure reductioQ 
may be made between stages, and in this way the number re- 
duced. 

A compound multi-stage impulse turbine then, is one in whick 
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ike pressure ener^ of the steam is progressively traHsformed 
■into kinetic ener^ in two or more stages, with compound working 
in each stage. In construction there are two or more compart- 
ments, each containing two or more wheels, each compartment 
being connected with the next by a set of nozzles, as shown in 
figs. 2,418 to 2,420. 

The illiiatration shows only two compartments, each having two wheels; 
however, there may be a lai^r number of compartments, or wheels, de- 
pending upon conditions. The action of the steam in passing through the 



Fic XiSl.—Caahoa packing at low pnam 
is nude for introduculg live itum at red 
that any lealufle into the turbine nill be u> smun. nut oii. 

turbine is shown in the diaphragms. Higher steam velocities may be em- 
ployed, thus permitting a greater pressure reduction between stages, and 
deo-easing the number necessary. This is the principle of the compotmd 
multi-st^e turbine. 

A compound multi-stage impulse htrbine, then, is one which has 
two or more compartments, each containing two or more wheels, 
and a set of nozzles. 
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The application is shown in figs. 2,418 to 2,420. The illustration 

shows two compartments, each provided with a set of nozzle. 
Each compartment contains two wheels and a set of stationary 
vanes ; in construction there may be more wheels in each compart- 
ment, or more compartments, depending on conditions. It will 
be noted from the diagram that the pressure remains constant 
in each compartment, being reduced as the steam flows through 
the nozzles, also, the velocity falls in two steps in each compart- 
ment, remains constant in the stationary vanes, and rises in the 



Reaction Turbines. — Usually, turbines of this type are 
built compound, as shown in figs. 2,429 to2,431 ; the principal parts 
consist of numerous rows of moving vanes, separated by alternate 
rows of fixed guide vanes. The passages through the latter are 
of increasing cross section, hence part of the expansion takes 
part therein, being completed in the wheel. It should be noted 
that the fixed guides perform the functions of nozzles, and the 
steam in passing through the turbine expands continujilly from 
boiler pressure to exhaust pressure. 



The diagram indicates the 



of velocity as the steam flows through 
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Fig. 2,428. — Terry turbine, view o£ lAeel and revsraing chajobers ahowing operation. /» 
corvtructlon, the wheel is made frfqn a single forging of special composition steel and 
the semi-circular buckets or pockets are milleil from the solid metal. In operation, the 



.rtofitL 

lortion of its eneray . It then passes to a 
•I buckets again. This is repeated several 
the wheel- TTiis prindple of operation 
It TQvi of mooiBs bxiJitts. makes possible the 
smalbuckets. The power producing action 
on the ourved surfaces at the back of the 
iplit thesteamiet.dose blade dearaoce is 
equenee. The turbine ia of the radial flow 
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the guide vanes, and the decrease in passing through the adjacent moving 
vanes. The pressure falls gradually from the inlet to the ouUet; it is, 
therefore, maintained higher in the turbine passages than the exhaust 
pressure, this being characteristic of the reaction principle. 

Turbine Governors. — There are several methods of regulat- 
ing the steam supply so that a uniform speed may be maintained 
under a fluctuating load. These may be classified as: 




impulaE turbine, Thepr 



1. Throttling; 

2. Partial admission; 

3. Intermittent admission; 

4. By pass. 



As in steam engine practice, governing by throttling is not an 
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economical method, but has the advantage of simplicity. A 
governor of this kind is shown in fig. 2,432. 

The two weights B, are pivoted on knife edges A, with hardened pins C. 
bearing on the spring seat D. The governor body E, is fitted in me end 
of the ^r wheel shait K, and has seats milled for the knife edges. A 
spindle G, of small diameter passes between the weights, and has at its outer 
end an adjustment nut I, for regulating the tension of the spring which con- 
trols the speed of the turbine. 



Pig. 2.432.— De Lsval Throttling Governor. It is held in the end oC one of the gear shafts 
UidiTMlly mto^twohfl'lres whi^fem t'he'goteniorwaiahta. TheM weight j are 'tide imhI 

bttwUn the eentef "ap^indfe G, of ^he'govemor and the belleianli lever L,'i» a fleiiible°con- 
wheel ossing. If the speed become excessive, pin O, would strike spindle T. nliich would 



In operation, centrifugal force causes the weights to spread apart and 
press on the spring seat D ; this pushes the governor pin G, forward, throt- 
tling the flow of steam to a degree corresponding to the load. 
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Units for sudden fluctuations of load. The function of the vacuum valve 
is as follows; The governor pin G, actuates the plw^er H, screwed into the 
bell crank L, however, without moving the plunger relative to the crank. 
This is on account of the spring M, being stiffer than the spring N, whose 
duty it is to keep thegovemor valve open and the pluaeer H, m contact 
wim the spindle G. ^en a large part of the load is suddenly thrcmn oS, 



Pig. 2,<33.— Interior view of Jabni type ipeed eoveraor und with De Laval molti-ibtge ateao 
turbine. It ii mounted upon ■ vcilical tkoFt driven from the turbine sbait by worm gearing. 
The wei^ta act directly upon the iiirinsi in luch & manner that the aprins prtnufc ia not 
tranamitled to the Bovernor roeehaniam. The weight moves in a honmntal plane. The 
movement of the ilidina ikeve on the ipindle ia e^ted by bell cranlca engaging both the 
weight* and the aleeve urough rol1« bearing connections, with rscn set st inch anglu that 

the force euiited by tbe aleeve ia practicjdly conatant at each poaition of its travel. The 
oiling of the upper pina and ilidei within the governor casing is effected by an oil cup on top. 
which can be fflledwhile in motion. The lower pina and slides move in a bath of oil, and 
any ovei£ow oil ia utiliied in lubricating the apindle ileeve. The gnvcrning weight, springs 
»nd the entire mechamam are protected from dual and moiature by the enveloping caae. 
The movement of the sleeve operates the govemor valve through a simplo ayitem of links 
and leveia, containing a apiiog uok which preventa any injury to tlie governor valve through 
overtravel of the govemoi. 

the governor opens, pushing the bell crank in the direction of the vacuum 
valve T; this closes the governor valve, which is completely shut off when 
the bell crank is pushed so tar fonvard that the screw O. barely touches 
the valve stem J. If this be not sufficient to check the speed, the plunger 
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H, is pushed forward in the now stationary bell crank, and opens thei 

valve. This allows the air to reach into space D, where the turbine wheel 
revolves, effectually checking the speed. 

The partial admission method of governing regulates the steam 
supply by varying the number of open nozzles, an independent 
valve being provided for each nozzle. The valves are arranged 
to open successively, usually two-thirds of them being op^i at 
full load. The action of the regulating mechanism is such that 
the valves are either fully opened, or closed. 



tional view showing valve and seat. L, is the heS ' 

The power required to operate these valves is too great for 
direct movement by the governor, hence the governor controls ' 
their movements indirectly by setting in motion some mechanism 
powerful enough to do the work. The latter may be either 
electrical, mechanical or hydraulic. One construction of a 
partial admission governor is shown in fig. 2,435. 

The action of the governor depends on the balance between the forces 
exerted by springs and the centrifugal forces of revolving weights. 
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The governor is supported by a Bange keyed to the top of the vertical 
shaft of the turbine; and the whole supporting framework revolves with 
the shaft. The revolving weights A, are fulcrumed at the knife edges B; 
as the speed of the turbine increases, the centrifugal forces of the weights 
puU down the rod C, against the action of a heavy sprine D. AtE, a Dall 
bearing joint forms a junction point between the revolving mass of the 
turbine and the stationary lever of the governor arm. An auxiliary spring 
P, is provided tor varying the speed when synchronizing. The adjustment 
of this spring iu large machines can be made from the switchboard by means 
of the small motor G. 



Fic. 2,435.— ^TuTtia partial admiasioii govemor for verticBl type turbineB- The revolvinff 
weighla A, fulcruniEii at C, act by centrifugal force to pull down the rod C.a«»imt the action 
of tbe heavy spring D. Connection with the stHtianary lever is through the ball bearins 

The movement of the governor lever is transmitted through the rod D, 
fig. 2,437, to the arm G, and to the pilot valve of theoil cylinder B, containing 
the piston A (fig. 2,436) , which operates the main arm. The latter transmits 
the motion, either by means of a rack connecting with a pinion or by means 
of cranks to the rod carrying the cams. These cams act directly on the 
valves, opening and dosing the number called for by the onidition of the 
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Vks. 3.43A and 2.137. — Curtii taydnulic openting mechuitim for vshts. The movemoot 
tbe guv BiiKtf lev«r u traOHiuttAd throu^ the rod D. to the mrm G. uld to the pilot viUva 
the oil cyUnder coo taming the piiton A. which opemtea the mftin arm. 



Pig. 2.13S. — VeitiDshoiue-Psrsang int«noitteiit eovemor; it ii ot the centrifugal type with bell 

.. . .... ...... '-"-icb carry the balls, and the horiiontal arm* bear egaioel 

entrifugal force of the balls. The tenion of the ipriiig 
The details an fully deicribed io the kccompanyinc 
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Intermittent admission 
governors are usually fitted to 
turbines of the reaction type. 
In this method of governing, 
steam is admitted to the tur- 
bines in puffs, the duration of 
each pufE being dependent 
upon the load under which the 
turbine is working. For a 
light load the puffs are very 
short, thus admitting little 
steam, while for a heavy load, 
the ptiffs are longer, and con- 
sequently a greater amoimt 
of steam is admitted. An 
example of the intermittent 
admission type of governor 
is shown in fig. 2,438, 



is controlled hy niesns oi 
livcj in which the edge of a 
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connected to an eccentric which 
derives its motion from the 
main shaft of the tm-bine. 
It is attached by a ball joint to 
the lever B, fulcrumed at C. 
The link D. connects B. with 
another lever E, whose fulcrum 
P, may be shifted up or down by 
the governor G. The lever E, 
by means of other links and the 
fixed fulcrum H, is connected with 
the small relay valve M, whose 
motion from the midposition 
will admit steam under the piston 
N, which is directly attached to 
the steam of the admission valve. 
It is evident that the reciprocat- 
ing motion of the rod A, due to 
the eccentric, will be transmitted 
to the valve M, causing the port 
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P, to be opened in rapid succession. The result is that the piston N, is 
alternately raised and lowered, thereby opening and closing the admission 
valve. As the governor increases or decreases its speed, the movable 
fulcrum F, rises or falls and thus the relay valve M, is given a movement 
sufficient to raise the admission valve, and hold it open just the proper 
length of time. Since the valve M, is in mid-position when the full supply 
of steam is being admitted, any increase of speed at once shuts oS the flow. 

Reaction turbines are sometimes fitted with a by pass valve 
IS shown in fig. 2,442, under direct control of the governor, and 



Fic, 2,412,^ — WentinghouBe amilUry govemine by pass valve. Bdtnitting to the second dram 
' —■—J- ■ ^-- -' ---t, and B, valvE which by pss.'- — — '- •- ''^ 



st«aia in K, to escape to the atmosphere, thus causing by psss B , to opeo aiid 



^itions. Connecting vith thespaci 
■■ ■ ■ lofSiegowmor. U. 



which opens for overloads above the range of the regular con- 
trol nozzles, admitting steam at some intermediate point. 

Workll^ Pressures for Turbines. — To meet the varied 
conditions of service, turbines are designed to operate with: 
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1. High pressore; 

2. Low pressure; 

3. Mixed pressing. 

Where all the power is furnished by the turbine, high pressure 
is used,' but when operated in combination with a reciprocating 
engine, it is constructed to work with low pressure for constant 
load, or with mixed pressure for variable load. 



Fig. 2»443. — 'Terry compound two BtoffB rmdiol flow turbine for direct connecCed sets up to 300 
lew. The vftnea ajv Bemi-circular; stemneBcopiug Cram the jet strikes the moving vuwst 
leavine the opposite side and is revened by the statiDnary vanes to agaia enter the Tnoving 

controls a mitre ttuuttle valve. Accoidina to builder's tests the water coniuinptiao (for 
brake bone power) is from 12 to 46 lbs. full loajl with ei^ierbeated steam. 

High pressure turbines operate at about the same initial pressures as 
triple expansion engines. 

Ltnv pressure, as here applied, means the terminal or exhaust pressure of 
the reciprocating engine, from which the exhaust steam passes through 
the turbme before entering the condenser. A low pressure turbine may be 
adapted to a variable load by the use of an accumulator. 

Mixed pressure implies that the exhaust steam is supplemented, for 
heavy loads, bv the admission of live steam which acts in 
so that the full pressure is used to create useful velocity. 
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Figs. 3AM aod 3.M9.— AUn-ChalmoB. Punu tTpe. ttnbins roton; figi. 2.4M, 1,SD0 ud 
lA00r^.M. Afaftpr«MUracoDdsuiiiatufUnBiD£ar;Ss*-!'<MS>3,H)0r.;.iR. lotepnttun 
coodensias tnibiiM lotoi. In tmutructbm, in the brie diamets*. the lingi which cury 
the Uwlea en made eepMateffom the body oftheepbuileei are the beU nc gpirtoM. Thoe 
paitt an DTDvided with tapavd fit* ajid an aiaemblsd bf ommt. Each blad« ii formed 
by apedaTtoolii ao that at M root it ii of uieulsr dovetail ahape. 
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on variable lojui- 
PlG. a, 447.— General Electric wiring diaoiam tor locomotive head li^. Qua l yiiM i urB 6.S 
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Low Pressure Turbines. — The particular field which seems 
best suited to the turbine is its combination with the reciprocat- 
ing engine, operating with the exhaust steam from the latter. 
The turbine, thus connected, makes available the energy of 
steam at pressures lower than the economical range of the steam 
engine. The reason for this is clearly explained by Prof. J, E, 
Denton as follows : 



'\<i. 2.449. — Half of AUis-Chalmers Paisona type, tiubine cylinder shaning bluUng installed. 

"The most economical piston engines, which, as we have seen, expand 
steam about thirty times, release tSeir steam at the end of the stroke at 
6 pounds absolute pressure, but they exhaust into a condenser which, with 
a vacuum of 28", contains a pressure of abbut one pound absolute per square 
inch. If the expansion could continue until the pressure of one pound 
was attained before exhaust occurred, considerably more work would be 
obtained from the steam. This', however, cannot be done in piston, engines 
for two reasons: First, because the low pressing cylinder would have to 
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be five times greater in volume, which is commercially impracticable; and 
second, because the velocity of exit through the largest exhaust ports possible 
is so gi^sat that the frictional resistance of the steam causes a pressure from 
one to three |>ounds higher than the condenser pressure in the best engines 
of ordinary piston speed. 

' *'The steam turbine expands its steam to the pressure of the exhaust 
chamber, and as unlimited escape ports can be provided from this chamber 
to a condenser, it follows that the ttu*bine can practically expand its steam 
to the pressure of the condenser." 




20 EXPANSIONS 28 INCH VACUUM 
8^ LBS. AB5. 95 LBS. ABS- 




C 

Fig. 2.450. — Card showixur energy in steam not available for the reciprocating engine. In the 
turbine, steam is ezpanaed to condenser pressure, whereas the terminal pressure in a steam 
engine must be several pounds higher, otherwise the low pressure cylinder would assume 
enormous proportions. This leaves a triangular area ABD, which represents useful work 
in the turbme, but which is lost in the steam engine. 

The energy in steam not available for the reciprocating 
engine is shown by the black section of the expanding diagram, 
fig. 2,450. The curve shows the expansion of saturated steam 
from 150 lbs. gauge pressure to a vacuum of 28 inches. A com- 
pound condensing engine expanding steam twenty times would 
utilize the energy represented by the white area; now, if the 
exhaust steam be first passed through a low pressure turbine 
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before entering the condenser the addition^ energy represented 
by the shaded section ABCD, wtiidi is rejected by the steam 

engine, is turned into useful work 

by the turbine. 

It should be noted, from the 
I diagram, that practically half the 
' energy in the steam is spent in ex- 
panding to atmospheric pressure, 
and the other half in the remaining 
expansion. The advantage of us- 
ing the turbine in combination 
— — with the reciprocating engine is 

clearly seen by comparing the 
black and shaded areas of the 
diagram, that is, without the tur- 
bine the black area is lost. 

Rateau Accumulator. — There 
are numerous plants in which the 
supply of steam is intermittent, 
and of widely varying quality, such 
as, in rolling mills, for blooms, 
plate, sheet, wire, rail, and struc- 
tural shapes. The majority of 
engines for such service operate 
i tmder wasteful conditions. 

^7a"Qid^°S"a^to'^u™^'hf^t Prof. Rateau nas devised an ac- 
SMmt^s. "rhe^BOTe^^^^'^Bd- c"*««/otor intended to regulate 
iiiimine.'«iasf»ciihLt[Mthti^hro^ the intermittent flow of steam, 
taff«nSl?S'iS'r^ '^'^^ "" Storing up the excess, and 
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giving it off during the non-flow periods, thus furnishing a uni- 
form flow for the operation of a low pressure turbine. Prof. 
Rateau describes the working principle of his accumulator as 
follows: 
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Fics. 2,454 to 2.457.— Allis-Chalmers spindle adjustins beaiing. The principal object of 
thii collar bearing is to locate the tuibine spindle accurately in an axial <rirection. For this 
reason it is made adjustable. This bearing also Ukes up such slight unbalanced Uinjst as 

lowerhalfofthethrast^ringisfocked^^osiSoiTby means of rings A B. fig. 2.454?'''The 
upper half beaiing is adjusted by means of a differential screw C. In the larger aises a 
slightly diSeient arrangement is necessary aa shows in Hm. 2.456 and 2.459, In this cs« 
both upper and lower thrust bloc^ are made adjustable by means of screws, and. in order 

ii made difficult, anl the adjusting mechanism can be locked up if desired. Like the m^n 
bearings, these thrust bearinga are automatically lubricated by a flood of oil, the oil being 
admitted between each thrust ringet two or more places, depending upon the size of the unit. 
As in the case of the bearings, a sight oil vent is provided upon the thrust bearing cover 
connecting to the oil feed systeni to prevent any accumulation of air at this point ar>d to 
enable the operating engineer to see at any time that the thrust bearing is receiving it« fall 
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,462. — Allis-ChiloierB fleuble coupling. This is used to provide tor any ilisht 
the wear of the beBrin;zs, to ommt axial adjustment of the turbine spiitdler 

(or differences in eipansion. This coupling is so nude that it can be readily 

lor the removal of the turbine spindle or of the revolving ~ ■ - ■ ■ 

made for ample lubricatiou m the adjoininE faces i^ 
the turbine end of the couolinA by meani of oil eBcap 

'he coupling is encloaed in the bearmg houo- 
lose and cannot cauae injury Ut the nttend- 



ro oiling flystem and ao to contaj 
^aat it ^M completely protoctod 
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n the turbin* 
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of the engine diminishes or increases. The necessary variations for con- 
densation and regeneration of the steam correspond to the fluctuations 
in pressure in the accumulator, the pressure rising when the apparatus is 
being filled, and descending when it is discharging into the turbine. Water 
which has a very high heat capacity has been used as a fly wheel, but in 
order to rapidly communicate to a liquid mass a considerable (quantity of 
heat, corresponding to the latent heat of steam to be condensed it becomes 
necessary, owing to the poor conductivity of the water, either to arrange 
it in thin layers, or to cause a rapid circulation in order to increase the 
siuiace of contact between the steam and the water itself." 

In the first method, numerous flat cast iron trays were used, 
forming receptacles for the water. The second solution gave 



EXHAUST 
FROM ENGINE 




Pigs. 2,469 and 2,470. — ^Rateau accumulator for low pressure turbines. This device is used 
where the steam supply for the turbine is intermittent, as in rolling mills. Any excess heat 
is stored up in heating the water, to be later givea off when the supply fluctuates below 
that required for the turbine. 

rise to an accumulator consisting of a cylindrical vessel partly- 
filled with water, and having a perforated exhaust pipe below 
the water line, as shown in fig. 2,469. 



VI 



Accumulator Accessories. — For the successful operation of 
accumulators, they should be fitted with several accessories as 
follows : 
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/. Automatle relief 
Httoe to by pass the steam 
ironi the engine to the con- 
denser when the turbine 
does not require all of the 
steam exhausted by the 

2. Automatle expan' 
»lon oaloe to admit live 
steam from the boiler to 
the turbine, should suflS-- 
dent eihaust ateajn be not 
available, or in case of 
temporary shut down of 
the main engine, 

3. Steam cheek ralite 
to shut off the accumulator 
trom the tiu'bine when the 
engine is shut down and 
the turbine is supplied 
only with live steam. 

d. Water cheek calve 
to prevent water in the 
accumulator returning 
toward the engine through 
the exhaust supply pipe 
when the engine is shut 



NOTE,-«n,mta, of tur- 
bintt. In heating up turbines 
™ 'tMi^B purposei, if the 



p«nsioa aU over, and oti 
heat up Kradually. Stetui 
V '"ij ^^ casing, tin 
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Importance of High Vacuum. — ^The economy due to work- 
ing steam with very low back pressures is more marked in the 
case of the turbine than with the steam engine. The reason for 
this is illustrated in fig. 2,475. 

.The diagram shows the expansion of one pound of steam from 
100 lbs. pressure down to one pound absolute (27.9 vacuum) 
and also the work done both b^ore and during the expansion, 
as in an indicator card. 



100 UBS. ABdOLUTC 




^4'* VACUUM 
28** VACUUM' 



ATMOSPHERIC LINC 



ZERO PRESSURE LIKE 

Fig. 2,475. — Card showing the importance of high vacuttm for economical operation of a turbine. 
A steam engine would release steam at some point C considerably above the exhaust line, 
but in the turbine the expansion is continued to condenser pressure. If the vacuum be 
increased say, from 24 inches to 28 inches, the gain in power for the steam en^e would be 
represented by the shaded area E D D' £', and for the turbine by the solid black area 
DP G D'. The comparative sizes of these areas show forcibly the importance of high 
vacuum for the turbine. 

t 

In a condensing engine, owing to the limited size of the cylinder, the 
expansion of the steam would be interrupted at some point C, a little 
below the atmospheric line, by the opening of the exhaust valve, and the 
pressure would suddenly fall to that of the condenser. With a 24" vacuum 
the work done is represented by the shaded card A B C D E. 

If a turbine be interposed between the engine and the condenser, expan- 
sion will continue from C to F, expanding down to the condenser pressure. 
The gain in power due to the turbine then, is represented by the shaded 
area, C F D. 

Now, if the vacuum be increased from 24" to 28", the gain in power 
for the engine would be that due simply to the reduction in back pressure 



1,250 



STEAM TURBINES 



indicated by the shaded area KDD'E; similarly for the ttirbine the 
solid black area D P G D' will represent the increase in power. It should 
be noted that in the case of the turbine the gain is considerably more than 

60VERN0R LEVeR 



fiDVERNOa 




Fig. 2,476. — Curtis vertical compound multi-stage impulse turbine. As shown, there are five 
stages, each stage is compounded by having two sets of moving vanes separated by a set of 
stationary vanes. Superposed on the turbine is the generator, and on top, the governor 
which controls the speed by operating the admission vsdves indirectly with ^ectro-magxiets. 
It governs by partial adnussion. A by pass or stage valve (shown at left) autoznatically 
by passes steam from the first to the second stage for overload. 

for the engine, hence the importance of operating the former with very 
low back pressure. The gain in power due to the lower back pressure is 
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partly offset by the ejrtara cost of maintaining the higher vacuum, and 
with the engine by the additional Ibss due to increased condensation. 

The increase in vacuum diown in the diagram necessitates a large 
increase in the size of condensing apparatus required. The proportions 
of the cooling surface, and circulating water must be about doubled, the 
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Fig. 2,479.^^ttrti8 forced lubrication sjrstem. A tank of sufficient capacity to contain all the 
oil is fitted with suitable straining devices and a cc>oUng coil, and located at a level such that 
the oil will return by gravity from the various points. A pump maintains a pressure about 
25 per cent higher than that required for the stei> bearing. The step bearing baffler regulates 
the pressure for the step beanng, and a reducing valve for the other parts of the system, 
which reduces the pressure to about 60 lbs. The lubrication system, which includes a storage 
tank partlv filled with compressed air, (n>erates the hydraulic governor mechanism, and 
supphes ou to the upper bearings. A relief valve prevents excess of pressure. Visible drains 
lead from the hydiamic cylinder, upper beariogs, and relief valve, discharging into a common 
chamber. 



air pump enlarged, etc., all of which means a higher first cost, increased 
operating expenses, and an additional stmi to cover the interest on the hurger 
investment. In practice, these items limit the degree of vacuum to about 
28H" to 29" for the turbine and 27" to 28" for the engine. 
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Startlt^ a Curtis Turbine. — Although a turbine has no 
eccentric to slip or cylinder head to knock out, the same care 
should be exercised as in starting a steam engine, for there are 
hundreds of small buckets which run at a speed of nearly five 
miles a minute, and they are liable to rub against the stationary 
blades if not properly adjusted. 

1. Before starting, the step bearing pump must be put in opera- 
tion so that the weight of the rotor may be supported by oil 
under pressure, thus separating the step bearing blocks. 




Pica. 9,480 and 2,1S1. — BmsiSBncr ipmriior uid emofssocr itop vatvs. ThesaTsraorctnuiil* 
of m img placed io sli^tly eccsntnc poBtioii Bnmml the «twft batween iba turbina and seo- 
erator. Any undue mcnue of speed caamct an exccei of centiifuAal force, irtikk avenomeft 
the iHiUnce of the ipring and Kleaiei rod L. fia. 3,481. ThiaioduceiuiectadtoacmlkD; 
iriian nlca»d, the temim of the ipiiiis S, pulii up tho geai and throwi out the hook G, 
alknriiia the valve to close by gravity and unbalanced ateam pnnuie. 

2. Next, the circulating pumps should be started. 

3. The auxiliary generator is now started, so that current 
may be available for fidd excitation and for operating the valves 
of the turbine. 

4. The turbine is set in motion by throwing in the starting 
switch and slightly opening the throttle. 
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The starting switch puts in service three magnets which cause three 
valves to open; this adinits sufficient steam to bring the machine up to 
^>eed. 

5. As soon as the turbine is in motion the atmospheric valve 
and air pmnp should be started, also the hot well pump. 

As the vacuum increases, the turbine will increase in speed more rapidly, 
and by opening the throttle until boiler pressure is obtained, it will come 
up to speed in a few minutes. 



notched cross heads. 



s steam pressure till it ia moved 
ock ibaft is fixed by the design, 
, is controlled by the length of 



The hot well pump not only takes care of the condensation but the step 
bearing water also, which, after passing between the step, runs down 
through the condenser into the hot well. 

6. When the governor begins to act the running switch should 
be closed. 
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As the governor begins to act it lifts the fingers off the roller, thereby 




ehaft by light spriT 
rin^ is drafned U 



Pic. 2,485. — Curtis by pass or stsge valve. This is automatic m its actit 
the preBun becominB too h^ in the fint^tagB, in case of a sudden 
a purt of the steam lo a special set of mpaosioo noiilea over the seeo 
the pfcssun in the Arst staffe and using the steam in a lower sta^ t 
the machine. Any leakage peat the valve is taken care of by a drip ] 



iverload. It trsnsfen 
1 wheel, thos relievina 

pe to the ^ird stage. 
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]d 2,487. — Method of detcimininscleamice in Curtii turtuiua. After mnovins the 

ilugi. a taper gauge i« inaerted both above and beknr tbi moving vanei, and the 

■aoce lot each aide. The peep holei are BometimH 

«. 2.488. and lonwlimM opposite the movine vanea. ai 

in fig. 2,4S7. IlisimptriUatllutllutiii«9rtMiiKtio<iliiclbtlataitlufanaviiliihe putlimt 




Pig. 2.488. — Sectional view, ahowing the conitr 
Tbs parts an: A, admiraion noules; B, stationary v> 
aecoiid stafes; D, second atage noxzies; E. wtke^ hi 



nd atages; D. to 



Lphrogm separating first ar 
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2,490. — PUo and elevation, ihowi 
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1 3.4fl4.— Curtis horiiontal turbine conatfuciion details. Figs. 1,492, birii 
e of diaphrHBin; fig, 2,493, second atage noizle; fig. 2,495, high pieuure sids 

ictedwben the geneiBtor ia fairly w^losded. The amount ef steam extracted 
by a valve placed in the emraction line. The laijcr sizes may be provided with 



" " ■■ ■ ■■ 'le generator. The( 






liable by CKpa^ioa from boiler p: 
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Ruoniii^ a Parsons Turbine. — In starting, the drculating 
pump should be put in operation while the turbine is warm ing 
up; liext, the turbine should be started gradually, also the 
auxiliary generator. When the speed increases to the point 
where the load begins to come on, the gland water should be 
turned on, the hot well and dry air pumps started, and the 
turbine and auxiliary generator brought to speed, 

o speed too quickly there will be considerable 



PtG. 2.405. — WcsUnghouH-Parsons turbine. Steam sntera the cbunbar B. at boQer pmauis 
througb pipe A. and PB^fiea to the Tight tbroii^ l^a first sroup of btadea whiclL graduolLy 

aisea of bladea, it is necesBary to jump to a larger diameter, and the steam llowe throush a 
•eumdiet to D. and finaUy through a third set to space E. The balancinu piatoas P P' anifP", 
■n irf such diameter that the iteam preseure ssainst them balances the aiial thruit in the 
direction of the steam flow. The diametem of the pistons are appitniimalelr equal to the 
meaiL diameters oF the steam areas of the ditlerent itepa. The pipe F. connects the spue 
back of the balancing pistons with tht e^iaust chamber. G, is B coil for coolins the oil cii^ 
cnlatinff through tile bearing. 

If a Westinghouse-Parsons turbine be started vnth a vacuum, leakage o£ 
cold air will occur through the glands, tending to set up unequal tempera- 
ture conditions in the turbine, tecause the glands, which are water packed, 
do not become sealed until the machine is in. operation. If, in starting, 
steam should leak through the glands, water should be turned on for a 
second or two, and then shut off. This supply will prevent steam leaking 
through until the turbine is up to speed 
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The weight of 
the rotor is sup- 
ported by the 
beariiigSi causing 
consideiable heat- 
ing. The hifi^ 

nukes nec^sary 
a cooling coil for 
the oil, as shown 
in fig. 2,495; this 

must be cleaned 
as often as re- 



causes some oils 
to deteriorate, 
thus rendering 
them unfit for 
lubrication. In 
some cases the oil, 
when it becomes 
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mixed with water, which mi^ht happen in cases of leakage from the turbine 
glands, forms an emulsion like jelly and chokes tip the coil. If the oil 
turn a whitish yellow and do not seem to be well mixed, water leaks in 
the cooler may be looked for, or, when shut down, water leak from con- 
densation through the water packing glaods to the beartt^. If the oil 
cooUng system be independent of the water glands, it is advisable to leave 
the water slightly turned on at all times. 

In the general care of the turbine, governor parts and connections with 
the primary and secondary valves must be regularly inspected to see that 
they do not become gummed; attention shomd also be given to the pilot 
valves to see that they work freely. It is advisable to use a light lubricat- 
ing oil for these valves. A heavy oil will be found to be too sticky, and will 



ujbuut ff^remor whose operatioii ia desciibeii 

deposit a soot around the piston, which makes the valves work stiffly when 
starting up, and even when heated through, has a bad effect on the good 
working of the valves. The pilot valves can easily be cleaned once a week 
by takmg them out and removing any oil blackness. A little kerosene 
oil is admissable for this, but on no account should sand paper or emer>- 
paper be used, as this treatment will cause l^aky valves. The grooves 
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around the stem should be cleaned and any dirt or soot removed frcan the- 
ends. Oil should not be used on these valve rods as they usually get 
sufficient lubrication. 

If the primary valve does not seat properly, and leaks when closed, 
the seat may need erindiog; ground glass and emery should be used for 
this, finishing with fine emery. Care should be taken to wipe the seats- 
and discs wdl after grinding. If grinding do not remedy the defect the- 

rng should be given more compression to close the valve. If it be found 
t the primary valve do not take care of the load properlj^, the botton* 
needle valve should be unscrewed to admit more steam to raise the valve. 



Fig. 2.S03.— De Laval simple impulse turbine, cousistiugof a siugle wheel W. revolving at from 
10.000 to 30,000 R.P.M. according to siie. and which is attached to a long slender shaft allow- 

aeaiB. K H H'. (ratio 10:1) reduces the speed and traiumits power to^two'shaflsTj J'.'eKh 
being directly connected to a generator. The turbine besrings are held in place by springs 
N, which press against a collar O, formed like a socket, thus allowing flenure of the shafT 
The couplings have pins F. driven into the holes, the opposite Saoges being fitted with rubber 
buBhlnga E, having internal steel bushings D, which slipover the end of pin F. to protect the 
'rubber; this brings wear on the outside. The governor M, controls a throttle valve and in 
case of extreme speed opena a valve admitting air to the wheel compartment by lever V, 
the air friction checking the speed. 

The top needle valve takes care only of the dash pot for an easy down- 
ward drop of the primary valve. The needle valves on the secondary 
valve work differently and rarely give trouble; the lower one admits steam 
which is cut off during exhaust by the pilot valve, and the upper one should 
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The blades and channels should be occasionally inspected and cleaned. 

It is important that there be sufficient oil in the suction tank to avoid 
air being drawn into the system. The bearing pet cocks should be fre- 
ijuently tried to see if there be the proper circulation. The oil strainei 
in the base of the turbine should be removed and cleaned every few days. 

Directions for Operating a De Laval Turbine. — In first 
starting, after erecting or long shut down, the bearings should 



Pig. 2,504,— Da Laval reduction sear. 500 borae povar 30.000 to 750 K. P. M. The reductkffl 
gear comprises a larce gear, which is coupled to Uie shaft of the driven machine, and a 
pinion, which is coupled to the shaft of the turbine, or driving machine, the two being held 
accurately and rieidly at the proper center distance, and in alfgnment. by a heavy caAt iron 
gear case. The main gear consists of a cast iron center or hub, upon which two acaniktf. 

on the gear shaft by means of a taper fit and Icey. After the complete aaseinbling of the gear 
bands, center and shaft, the whole 'a carefully tested for static and running balance, after 
which the teeth are cut. 

be flooded with oil, the amount being gradually reduced to the 
normal quantity. 
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The small oil valves on the governor valve should be filled with cylinder 
col, the valve steins then pressed down, thus allowing the oil to pass into the 
governor valve. 

Steam may now be turned on, and the governor valve and wheel 
case allowed to become thoroughly heated. 



PlOS, 2,506 and 2,507.— Reduction gearing bearines- The pear and pinion are 
by two bearinn, thaiieb la very laree machines the piniona may be Bupi 



The turbine should be started gradually so as to give the bearings 
time to heat thoroughly; more time is reqtiired for this in the 
large turbines than in the smaller. 
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The self oiling bearings must be examined as soon as the ttirbine 
starts to see if the oil rings run properly. 

If the turbine be running condensing, the condenser should be started 
first. When starting with no load, it is advisable to start with a low 
vacutim, say from 24 to 25 inches. As soon as the load is put on, the 
vacuum should be raised to its maximum. 

In shutting down when running non-condensing, the throttle 
valve should be closed and the lubricator shut off as soon as the 
machine has come to a standstill. 

If the turbine be running condensing, and if operating the water and air 
pumps, either directly or indirectly, the air cock on the exhaust end of the 
turbine wheel case should be opened before the throttle is closed. 

In operating the usual precautions, with which engineers are 
familiar, should be taken to keep the lubrication system in work- 
ing order. 

The sight feed lubricator must be kept clean and the oil in the self oiling 
bearings and the gear case drawn off and filtered as often as necessary. 

Particular attention should be given to the oiling of the governor 
mechanism and especially the contact surfaces between the governor pin 
and the plimger on the bell crank. The high speed bearings should be 
removed and examined at intervals. 

In case a bearing run hot, it should be taken out, the oil grooves cleaned, 
and if any bright or black spots appear they should be removed with a 
scraper. 

The strainer above the governor valve, which prevents foreign particles 
entering the turbine, should be removed and examined at least once a month. 

If the turbine speed be too high, the brass nut holding the governor 
springs should be screwed out, or if the speed be too low, the nut should be 
tightened. It is well, every time a turbine is started, that the bell crank 
be pressed down to make sure that these parts do not stick; when fully 
depressed, the governor valve* should shut off steam entirely, or at least 
within a few pounds. 

The teeth of tiie gears should be cleaned occasionally when the machine 
is not running. Kerosene and a metal brush are best for this purpose. 

The gear case should be cleaned at the same time and the gears well lubri- 
cated. 

If, for any reason, the gears have to be taken out of the case, the engineer 
should secure special directions from the manufacturers relating to the 
adjustment as well as removal. 

The life of the gear depends, to a considerable extent, upon being kept 
in perfect adjustment. 
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CHAPTER 45 
INDICATORS 



The indicator is an instrument used for the purpose of record- 
ing the pressure of the steam in the cylinder, at all points of the 
stroke, as the piston moves to and fro. This is done on a piece 
of paper secured to a revolving drum, by a pencil attached to 
the indicator piston. 

An indicator consists of a small cylinder accurately bored out and fitted 
with a piston capable of working in the cylinder with little or no friction 
and yet practically steam tight; the piston rod is attached to a pair of light 
levers at the end of one of which is carried a pencil designed to move on a 
nearly up and down line. 

The motion of the piston is controlled by a spring of known tension, sev- 
eral of which are furnished with each instrument; each spring is marked to 
show at what boiler pressure it is to be used. The elasticity of the spring is 
such that each pound pressure on the piston causes the pencil to move a certain 
fractional part of an inch. 

Attached to the instrument is a drum which has a diameter of about two 
inches, and around which is placed the paper, the ends passing underneath 
a piece of slit brass, fitted so that the paper can be held firmly after being 
wound around. 

This cylinder is capable of a reciprocating or semi-rotative motion on its 
axis of such an extent that the extreme length of diagram may be about 5 
inches. 



NOTE. — ^The indicator is said to have been invented by James Watt, but it was at first 
vastly inferior in finish and accuracy to the improved forms now in use; these are all substan* 
tially of the same construction and act upon the same principle. 
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7ig. 2,508 is a sectional view of an indicator of the inside spring type. 
The part D, is a steam cylinder containing a piston. The part of the 

a Under below the piston can be placed in connection with either end of 
a engine cylinder. Above the piston is a spiral spring. The piston rod 
is guided by a cover. The end of the rod P, is connected to the parallel 
movement consisting of two levers pivoted at A, at one end , and having 
pivoted at the other end a link which carries a pencil at its center. F| is 
the drum, and G, the drum pin on which the drum reciprocates, The- 
indicator is piped to the cylinder so that by turning valves tt can be con- 
nected with either end of the cylinder. 



711:. 2,50S, — Sectional dian-am of an indicator. A.isthesi>ii«ingbar;B. thepericnbariC, tbe 

F. revolving cylinder or drum; G. dnun pin; H, and Z. thumb screws holding drum; 1. nut 
tooonneet indicator to pipe: K, lever for icremng up I; M.and N (fia. 2,680), connection 
■--' ■- ^-1 cylinder and pipe; O (Br. 2.5801. specially small piston; P, piston rod: 



In Operation, the steam pressure in the cylinder D, is the same 
as in the cylinder at every point of the stroke, hence the piston 
will move up and down as the pressure varies, and having placed 
a piece of paper or card around the drum, if the pencil be pressed 
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"~ ' 7^ 

against same, it will trace a diagram on the card and thus "in- 
dicate" accurately what is going on inside o£ the cylinder, viz: 

1. The exact point o£ the stroke at which steam is admitted. 

2. The initial pressure o! the steam in the cylinders, which being com- 
pared to the boiler pressure, shows us whether the steam pipes and passages; 
are of the necessary dimensions. 

3. The way in which the initial pressure is maintained or otherwise 
during the period of admission. 

4. The point of cut-off. 

5. The pressure during the whole period of expansion. 



Tiof. 2.500. — Llppincott iniide niiinE indicator with reducins whnl. The U inch cjrUnder and 
piston nmy b« removed, and the Ji inch cylinder aubstitnttd. With thf U incb piaton, each 
spring b«:om« Buiuble for doubla the pressure aUomble for the H inch piston. To illna- 
tiate;— with the Hinchpiston. the 001b. aprirw is suitable for 1201b».initi»lpresau«. With 
the H inch, piiton, the 60 lb. apnng ia mutabU for 240 Iba. pressure. The U inch cvlinder 
is iTuide of special alloy, to vitlutuid the action of amnitntia, and la also suitable for gsa 



6. The point of pre-release, i.e. when the exhaust is opened. 

7. The rapidity with which the exhaust takes place, as shows by the 
nature of the exhaust curve. 

8. The minimum back pressure, which in a condensing engine is also 
the test of the perfection of the vacuum, and in a non-con densine eneine 
shows what the effect of the friction of the exhaust pipes and p. 
addition to the unavoidable pressure due to the atmosphere. 
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9. The period when the exhaust is closed. 

10. The nature of the curve of compression. 

11. The power which is being developed by the engine, knowing the 
revolutions per minute. 

Parallel Motion. — To impart a straight vertical motion or a 
motion "parallel to the vertical" upon the paper card wound 
around the drum, a parallel motion 
device is necessary. There are 
various forms of this movement, 
one being shown in fig. 2,508, and 
another, as used in the Thompson 
indicator, in figs. 2,510 to 2,512, 
which illustrates the vertical line 
traced by the pencil, the pencil 
lever being shown in its central 
and both extreme positions. 




Tic. 2.S13.— Ashcroft nara: 
•1)1* or a veitical plats aecui 
cylinder. In this plate is a cut 



It con- 

in'ttiis pTaTe la a'cuived'^oi'in which 
ILer ravolvinaon apin Mt in the pen- 
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IndlcatiV Springs. — The spring is the vital- part of an 
indicator, since upon its accuracy depends that of the diagrams. 
Any variation from the true proportional compression is magni- 
fied many times by the pencil movement, and the greatest care 
is necessary in the manufacture and calibration of the spring. 
An indicator outfit usually contains several springs enabling the 
indicator to be used for various initial pressures. 

The numbers by which indicator springs are designated denote 
the pounds pressure of steam required to raise the pencil one 
inch; the corresponding scales are divided so that each division 
represents one pound of steam. 



2,518 and 2,517. Tab 

Fig. 2,519 shows the kind of scale used; it has six faces giving six scales, 
the ones visible being 10 and 30. If a diagram be taken with a No. 30 
spring, the No. 30 scale when placed upon it will give direct pressure 
readings as shown in fig. 2,520. 

Freparinft the Indicator for Use. — In selecting a spring 
lim to get as large a card as possible without undue distortion. 
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If a card be taken with say a 20 spring; an error of measurement 
of 100 of an inch would influence the results only i/b lb. With'a 
50 spring, the same error in meastirement would represent a 
departure of J^ lb. 




Fig. 2,519. — ^Triangular boxwood indicator scale. The six faces give six different scales corre-^ 
sponding to springs of like number. 




Fig. 2,620. — ^Triangular boxwood indicator scale as applied to a diagram showing that the 
pressure in the c^inder when the piston is at point A, of the stroke is, bv measurement, 64 lbs. 
gauge pressure. If sero of the scale were placed in the vacuum line, toe reading would be in 
pounds absolute. 

Of course, the speed must be considered, as the allowable 
movement of both the pencil and drum is limited by the effects 
of momentum. At high speeds a light spring and lag move- 
ment of the drtun would result in a diagram as distorted by the 
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effects of momentum and inertia as to introduce errors more 
serious than those due to inaccurate spring measurement. The 
standard size of paper drum is used for moderate speeds, and the 
smaller drums which some of the makers supply for high speed 
work, these drums in some cases being interchangeably used 
upon the same instrument. Fig. 2,521 shows the method of 
changing a spring. 



—Head of Thomi 

_. ihe indicator, hot.. - — — ^—^ 

eaaiy disconnected from the tooving parts 



bead of the indicator, hold the caTrying ring u 
■ ■■ ....... -.— .^gj„ 



In some instruments the position of the atmospheric line is 
fixed; in others it is adjustable, so that in indicating a non- 
condensing engine the base line may be lowered, and the whole 
of the allowable movement of the pencil utilized for the height 
of the diagram. 
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The adjustment for height is effected by lengthening or shortening the 
distance between pencil lever and piston. 

Select a hard lead of good smooth quality and of small diameter, and use 






Pigs. 2,522 to 2,525. — ^Assembling of Trill cap, sleeve, and piston. These form one unit. 
In ewaembling, the moving head of the spring is fastened to the piston by five turns of the 
spring as in fig. 2,523. The piston rod is then placed in the cap, and the wing end of the 
spring is screwed to the cap, ng. 2,524. The piston, spring, and pencil movement complete 
are then ready to be put in place, which is done by pushingthe sleeve down in the cylmder 
and screwing the cap down until it stops as in fig. 2,525. The swivel joint is now screwed 
into the upper end of the piston rod until the pencil point reaches the desired point on the 
card. 




Pig. 2,526. — ^Lever reducing motion. CD, is the lever which is pivoted at one end to a fixed 
point C, and at the other D, to a link DE, which is pivoted at E, to the cross head. The cord 
lor the indicator drum is attached to the lever CD, at same point A, so selected as to give the 

S roper length of movement to the drum. A spring attached to the drum keeps the card 
iut at all times. The length of the link DE, should be such that CD, will be vertical when 
the cross head is at half stroke. Ta all lever motions there is a radical defect due to the fact 
that while the cross head moves in a straight line, any point on the lever swings throtigh an 
arc of a circle. 



u 
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only a small piece at a time. At the end of the pencil lever, where the 
motion is greatest, the weight should be reduced to the smallest possible 
value. If pointed with a fine file and rubbed down with an emery stick, 
such as is used for sharpening draftsmen's pencils, or a fine stone, it will 
wear longer and be 
smoother and more 
satisfactory than if whit- 
tled into shape. 

For lubricating the 
bearings of the instru- 
' ment a light machinery 
oil should be used, one 
i that will not gum or 
I corrode. A small vial of 
I such oil usually accotn- 
) panies the instrument, 
some makers furnishing 
porpoise oil, such as is 
L used for clocks and 
[ watches. The piston, 
however, is better lub- 
ricated with cylinder oil, 
which must be abso- 
lutely tree of grit. 

Fig. 2.527.— Ashcntt reducing wheel. TKe corulructfon o( this device is Bimilar to that of 
the Hqriehtalinp r^ucin^ motion. The base is ejitended to provide a support for the worm 
pear disc to which the cord for the indJcaCor drum is secured. In other respects this device 

disc corTEsponda to 1^ Icnuried thumb piece on the top of the indicator paper drum, when 
the Hougbtaling geu is emoloyed. 



Lving IS roductiona, C' 




pin, aecuml diiec 
Banaed pulley O, runs freely on tl 
baa oa. it3 outside a clutch shaped 
0, 13 ccmnecUd Che octuatuw ci 
ciicle it a sufficient number S tL 
vhen unwound a little man than 
equal the leustb of the stroke oi 
the encine. The other end of the 
conl is secured either to the croaa 
head of the en^ne. to a standard 






rt that has a Bimilar n 



inline 



...n pulleyO._ Enclosed in ..._ 

spiral steel spring which operates 
to return the pulley O. back to its 
Htartinf jioint, after it has been 



worm shaft R,,t!i 



thifl pulley U. h 
ack and forth 



Pic. 2,529. — Pantograph re- 
ducing motion. Thisdevice 
is easily made. The mem- 
beis uniaUy consist of strips 
of hardwood 1HXAXI6 
ins. The pantograph is 
pivoted at the point B, by 



a'"ctoBa ^eS 



tached at the pinS , tt 
ilion of which ma 
changed by placiin 
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Reducing Motions. — In order to use the indicator, the drum 
must move in step with the piston. The movement is usually- 
derived from the cross head, and the appliance used to reduce 
the movement to that adapted to the drum is called the reducing 
motion. The accompanying cuts .show the various types of 
reducing motion in general use. Fig. 2,526 shows the ordinary 
lever motion, fig. 2,529, the pantograph, and fig. 2,509 a re- 
ducing wheel. 




FlO. 3,531.~ErTOr due 1o coid whipping. The failure to recoil promptly on the leturn stroke 
will penoit tbe cord to slacken, and poAsibly become entuiffled in th« wheels with probable 
iDJury to the inatrument. The teTision or pull of the lecoil aprins ohould be juat n^icieot 
to pTCVeQt whipping. Obviously hi^h speeds will require more tenaiOTi thsn low Apeedft» 
hcDce. a teniion adjuttmenl is a. desirable feature. The ierkiiiE or unequal pull o( the cord 
•Iso hu its effect in recording an atot (wavy lines) on the card as shown above. 

nd wheel enclosing the recoil 
L of a pencil located onder the 
I the diss, so that by taming 



Indicator Piping. — The connection between the indicator 
and the engine cylinder must be as direct as possible, so that 
the pressure acting upon the indicator piston at any instant will 
be as nearly as possible the same as the pressure acting upon 
the engine piston at the same instant. 

All modem engines are tapped for the indicator, but if there 
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Fic. 2.S33. — Trill outside spring indicator; cross section shovinc principal puis. 



. Cord connection for engine equipped 



Pic. 2.535.— Trili cord Ute up. With this device the paper Aram of the ir 



INDICATORS 



shoidd be no such provision, the holes should be drilled in the 
counter bore o£ the cylinder, and tapped for a J^^ inch pipe thread. 

If a single indicator be employed, the connection piping is ijsually made 
as in fig. 2,536. When this connection is used, the bends should be as easy 
as possible, the ordinary elbows are not suitable. 



Fics. 2,537 and 2.53B.— Two types of ci 
fig. 2,538, longtumongleco ' '" 






ht pipine 19 usually permarwnt. this m 
whieiisobjec--— ^' j----.-— = 



turn T uid, using two angle cocks in pUce of the elbows 
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Ifaroi^hactionbefelt, indicating the presence of grit or some derange- 
ment, shut the steam cock and correct the fault. The paper is put on the 
drum by wrapping it snugly around the drum at the top, bending it around 
and allowing the ends to project between the clips at the top, then by 
taking the lower comers which protrude between the thumb ana the second 
finger, the paper is drawn down tightly over iJie drum. Now open steam 
code and warm instrument. 



id slack and fall d3 of large w] 



On non-condensing engines it is well to turn the cock so that the steam 
will blow into the atmosphere until it shows blue and diy. When the 
water has disappeared and the pencil is vibrating smoothly, the paper 
drum being in motion, hold the pencil lightly against the paper and allow 
it to trace the diagram. 
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For ordinary purposes of exhibition, showing the valve action, 
distribution, etc., one revolution is sufficient to hold the pencil in 
contact with the paper. 

To show the governor action, variation of load, etc., the pencil 
will have to be held on for a number of revolutions; and when 
measuring power, the pencil should be allowed to pass from ten 
to twenty times over, and the average diagram measured. 



3 the en^necrosshcadby As 

ible. Cord having very httTe 
stretch, such as accompanies the instrument, should be usod;and incaseaof very long lengths 



Turn the cock off and bring the pencil again to the paper 
tracing the atmospheric line. It is not good practice to trace 
the atmospheric line first, as the indicator and spring are not 



iG. 2.543. — Ameri 
son indicator outi 
of indicator, two 
singlecocks.ones 



u 



then heated, and under the same conditions as when the diagram 
is taken. 

If there be more than one card to be taken, it is necessary to 
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stop the drum while removing the card from the cHps; this is 
done in some cases by making the cord in two lengths, and 
unhooking, whenever the drum is to be stopped. 

The Indicator Diagram. — ^A diagram such as shown in fig. 
2,544 would be traced by the indicator pencil, if the action of all 
the different operations should be perfect. 

This, however, does not occur in practice, as it takes time for 
the valve to open, and to cut oil the steam: thus the comers 
of the diagram cannot be as sharp as shown in the figure; also 



FlC. 2,544, — Theoretical indicator diagram illustrating the varioos "lines" referred tn ;.> th. 
accompanying tent. The tradngof an indicator diaRiam is effected in the follomVniannert 

cuts off the steam supply. As the cross head stilfcontinues to move, the steam beyond°the 

ntoa ia eipanded ami its pressure reduced, which allows the indicator soiinij nrrvi™,^!., 
dundertension,.tofoitethepeneildownwaid;butBS,onaccDimtofthemotionolSeSuiS 
sU different points of the stroke after cut off. This cur.'e is tcTmcd the eMWMto^S.** 
When the cross head ncarl/ reaches the end of the stroke, pie-releaao takeaplace thatiR* 
the exhaust yalve opens, causing the Elcam to rush out ofthe cylinder and the indicate 
pencil to drop, making the prB-releue fine. Thecmss head naw begins on its retumstroWp 
and the dium spring revolves the drum in the opposite direction. The pencil beinc at a 
height corresponding with the eihaust pressure, now marks the eihaiutl/lnB, which rSay be 
either above or below toe atmospheric line, according to wliether the engine be running viith 

-fS^VK clwes; and the remaining steam in the cj'linder, having no passage to escape Is com 
pressed by the advancing piston, thus raising the pressure, and also the indicator oeocil 
vhich now draws the eonumufnn Uiu. i^^". 
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the expansion line can never correspond with the adiabatic 
curve on account of condensation and re-evaporation. 

The outline of an indicator diagram represents six different 
operations, which are indicated by different "lines" made by 
the pencil, and are partly due to the steam pressure acting upon 
the indicator piston, and partly due to the motion of the cross 
head and the corresponding rotation of the drum. These 
lines are called 




Fig. 2,545.— Trill cord cMrier pullej' and delmi. The pullej' 
-TSt, by which tho cord may be made lo lead from **"■ ■" 



guide pulley is adjusted aa ihown in fig. 2.S34. For longer Btrokes usinB ths loirer £o1e. 
It is projected below to lead to the lai^ec wheel BS shown in fig. 2.540. The punioso of the 



... hentiwcoid 

1. Admission Ime; «foUtenEfl». 

2. Steam line; 

3. Expansion line; 

4. Pre-release line; 



L 



5. Release or exhaust 

line; 

6. Compression line. 



Ct allow thfl admiss 
line b«£Laa t< 



— The admliilon line. At A, 

tor the Bdmisaion line to confor 
to admit the full pressure befon 
™ of lead, or the amoiint of op€ 
d whii:h. for many reasons, it is 
ie to be perpendicular, 
ston gets into motion b> 
rd, u St B and C, th( 






le baclf p 



end of the stroke. When the piston < 
opeiKd, The eKhuut valve had by that time cId 
the retRstinff piatda wa3 shut in, and as the e 
Tiinnins the pressure domi toward a, as is shomi 1 

The adnuMiofi line may lean in. however, from i 
being late, as at B. The natural inference froi 
that the engine was late all around, but the fact 
and therefore opens before the return strolre is 

started on the forward stroke, so that the sieu 



ic of which had slipped so as to ma] 
ssure hneb, continued straight up ' 
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Ptcs. 2fiSS to 2^1. —Th£ tteam line. A.repreBentsiti 
pipfi and posBagea arc sma-ll for th« pistoa sp««d and □ 
at B, the differeilce between the beeinninR of the Atinlce, 
by a and b^ The Bteaiu line shown at C^ is often met with on engines having a laf^e steam 

ateun ia the cylinder to almoet equal boiler pressure at the cornmencement of the aroit: 
but if th* steam pipa be small, this pressure cannot be liept up when the piston ia adwicint 
Diasnm4 an sometimea met witb irtiich han no Etenm line, the load beins bo light im 
the eipaoaioa of tta* Bt*am in tbe deaiance is soilicieiit tokeeptheensine in motion. Intbi! 
cue the expansion line Rieeti the admisuon line at a point, as at D. The shape of the stun 
line is often modified by the admission, and it will be readily understood that it is di£cm[ 
to say when the one leaves off and the other betrins. under frequently occurrios conditiou^ 



Figs. 2,547 to 2.557.-'Texl conliHuid. 

bacEc before the steam valve opens, foTminff the loop. A more aegravated case of the same 
action is shown at G. This loop assomoaElI sorts of forms, accordine to tha relations of Itit 
compression and ajimiasion, and the proportions ot the openings and^tho pistoa ■|>eed; atW 

frequently Been on diagrams frnm the ordinary type oteingle vslve, high speed engines wi^ 

■team fnm tiie cylindeT and the pressure is lowered to that at which ^e steam will &<" 
fiom the chest. The appearance at I, is produced when the engine is lightly loaded, sothi'. 
the compression is considerable. Just as a tardy action of the steam valve results in pm; 

in the production of a Uno which leans outward, as shown at K. Any engine that is in liM 
and properly adjusted in the connections, should run at the speed for wTiich it ia desis"" 
better with enough lead to bring the admission line upright than it does with more. A sharp 

found to result in smoother mnning if the comer is just given an indication of rounding, a> 
at_A. The projection is due to the fling of the moving parts carrying the pencil i^>ove the 
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To these may be added the atmospheric line and vacuimi or 
zero pressure line. 

The Admission Line, — ^This line shows the manner in which steam is 
admitted to the cylinder. Under normal conditions, admission takes place 
suddenly while the piston is practically standing still at the end of the stroke, 
resulting in a straight line perpendicular to the atmospheric line, into 
which the compression line merges as shown at A, fig. 2,547. In practice the 
line usually departs from this, being variously distorted as shown in the 
figures. 

The Steam Line. — ^This line indicates what percentage of the bailer 
pressure is realized in the cylinder y and how well it is maintained up to the 
point of cut off. 

In a really good diagram the steam line will appear about as at A, fig. 2,558, 
approaching, in its height above the atmospheric line, the distance indicated 
by the boiler pressure laid off to the same scale as that of the spring with 
which the diagram is taken, as shown by the dotted line, and remaining 
horizontal, or very nearly so, up to the point of cut off. 

Figs. 2,559 to 2,561 show some of the usual distortions of the steam line. 

The Expansion Line. — In all engines in which any pretention is made to 
economy, steam is used expansively. The expansion curve always varies 
from the theoretical or adiabatic curve due to condensation, re-evaporation 
and other conditions of operation^ 

A gas in expanding varies in pressure inversely as its volume; and steam 
follows this law with sufficient accuracy to make its application to the 
indicator diagram and to engine practice of value. 

If the steam should be a gas, whose volume is not affected by the tempera- 
ture of its surroundings, this law would hold true; but as the steam upon 
entering the cylinder will condense, its pressure falls more rapidly than 
due to expansion, until a point is reached where the temperature of the 
steam equals the temperature of the cylinder walls, and from thence the 
condensed steam will be re-evaporated, because the metal of the cylinder 
is hotter than the steam. Thus it will be imderstood, that the true ex- 
pansion ciirve never equals the theoretical curve. 

It falls below the theoretical curve at the first stages of expansion, and 
at a later stage, usually above it, crossing it at some point in the stroke. 

The steam in the clearance space will affect the expansion, as it is filled 
with steam during admission, and all this steam expands with the steam that 



NOTE. — It is impossible to maintain in the cylinder the same pressure that is carried in 
the boiler, although with short connections, ample passages, and low piston speeds a very large 
percentage can be realized. 
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Pigs. 2,562 to 2AW.—Tht prr-rtleat* lla*. The proper appearance of the pre-nteoM line 
would be oaat A, the pre-ie!ease occurring early eni^u^h to allov the preaaure to faUnrsrlr 
orquite tothelinoof baclcpTeasurehythetimetheendijf theBtrokoisTrached._ If pre-releuB 

It the pre^auro could be carried to the end o( the stroke and irdmediatel); leducsd to the 
line of back pressure, as indicated by the outiiaA of the shaded apace, it would be ad> 
visable to retain thefiillar«a:but since come area must be loat here in expelling the exhaost. 
it ia better that it should be above the diagram St A, than belov as a t B. When the piston is 
approaching the end of its stroke, it has come to be a question of stopping it and seiuung it in 
the other direction. To do thin Bmoothl/, compresaioa ia applied on the other side of the 
piston* and obviously there is no object in Ireeprng up the forward ' '^ ' ' 

,i._, — !....„ .. ,.. .1. .gy„ fall off, as at A, assisting mstei 



Lhis result on most engines is that where the lap is removed from a 
1 J ^ ,^]^ release, the very laclc of lap retards 1' 
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The expansion curve is often found to be wavy, a (act generally due to 
the indicator piston fitting too tight, which will allow it to bind, thus 
working in jerks instead of steadily. 

The Pre-reUaae Line, — By the pre-release line is understood the line 
beginning at the point of pre-release and extending to the end of the 
diagram. In practice steam must be pre-released just before the end of 
the stroke, in order to avoid excess back pressure. Figs, 2,562 to 2,566 
show some examples of pre-release line. 



the diagram in raising the line of counter pressure above the atmospheric line. Jn » well 
propoTticmed cnpne at moderate piston speeds, and exhaustingf through a snort and ample 
exhatut pipe, thia moving pressure will not be noticeable with an ordinary spring, and the 
line of back pressure willmerKe into the atmospheric line. In less advantageous ciicum- 

times a'card is found where the back pressure line starts in well enough, but makes a gradual 
rise toward the center of the diaHtani, falling again as the stroke is completed, as shown. 
This is caused by too much inside lap on a slide valve narrowing up the exhaust passage 
■■ the center of the stroke is reached, where the piston, and consequently the steam, hoi 
tba sieatest velocity. The same effect may be produced upon a Corliss engine. It is alio 
found wbeit a pair of cylinders working on cranks set at 60° eiluust mto the same pipe, 
the Itltm of one cylinder occurring practically in the middle of the stroke of the other and 

Fics. 2.Se2 to 2,5eS— Tul conliniuit. 

later cutoff and more steam. When the cut off ii late, more steam is admitted and h»» 
to be eipelled; the appearance will then he more " - - 

the valves, when the steam ii cut off so early th 

KS^imat ™"Hwe when "he^exhausTvar™ 

previoiuiy Mhftusted sleam, raiding the pressure 

thejiressuTB in the cylinder becomes Iesb than tht 
uain when steam is admitted. It may be stopp 

urging the piston forward has been less than that j 
the ouier area of the diagram 
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the pressure in the same end of the cylinder during the backward stroke is 
represented by the exhaust, compression, and admission lines. 
If at the end of the stroke the steam has been expanded to atmospheric 
■ pressure in a non-condensing engine, there will be no immediate outriisb at 
steam from the cylinder, because there is no greater pressure in the cylinder 
than that of the atmosphere into which the steam must flow. The steam 
must therefore be pushed out by the piston, and the resistance to its move- 
ment will depend upon the lerigth and directness of the exhaust pipe, as 
well as its size. The general appearance of the exhaust iine, is shonn in 
fig. 2,570. 






iss compressca 
steam flows from the cylinder to the chest and the pressure falls. A form of compresata 

involved is small and powins smaller, and if there be even a slight leak in the eihaust valit, 

the pressure of the outrashing steam b5 kept constant by the advsjicinjt piston, the linen'J 

the compression line will fall away as at (. 

The Compression Line.— When there is no expansion, the steam 
required to fill the clearance space is a dead waste. With a cut off engine 
it gets a chance to expand with the other steam, and does some good; but 
still there is a saving by compression, and theoretically by compression 
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— The hyperijolio expanaon ci 



dm^ram, the dotted 

practically, 14 

^meeM thfs fine at"A'' ''SeSct Bny'number'i'p'QinU sTc'.DrE.F. "Connect fflch , 
points to O, and draw the line AG, parallel to OY. From thejwints where the radi 
cross the line AG, draw horizontal lines and from the points B , C, D, E. F drop vcrtic 
Through the points where these two acts of line meet, draw the curve frcdf'. which ise 
hyperbola. Aa a matter of fact the true adiabatic curve is sliRhtly below the curve aj 

or the relations t^™*e^n pre^Sr^'^a^volSmra ^^ven iJ^w^m'tables^is also iotl 
dtswnonan indicator card. Generally this curve will fall between the hyperbola a: 
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When the engine is of a type in which the campceaiiion is constant, as in 
four valve engines, the best results will be attained under normal loads 
by having the compresaon round up nicely into the admission line, as at a, 
fig. 2,671, meeting the perpendicular line at about one-third of its height. 
Tliis will require a diiTerent setting of the exhaust valve for differwit heights 
of the counter-pressure line. 

Figs. 2,672 to 2,675 are examples of compression line ccttresponding to 
various conditions as described under the figures. 



Pig. 2,578. — Method of Ending the mean efllKtivBpresjuro (roi^ the dingnun by avengiDs ita 
ordinata. Divide the kngth of the card as indicited into a number of eqmlparti, nty 10, 
Httmgoff half apartat A; half a part at B, and nine other paiti thus found. Erect ordinatea 
cutting the diagranK and perpendicular to the atmospheric line at the points of division, add 
together the lenph of these ordinales intercepted between the upper and lower lines oil the 
diaeiam and divide by their number. This gives the mean height which, multipIiBd by the 
ic^ of the indicator spring, s^vet the mean effective pressure (M.e.p.). 

The Afmoapherlc Line. — This hne is drawn after taking the diagram, 
and shutting off the steam connection between the indicator and the engine 
cylinder. The atmospheric pressure is acting on both sides of the indicator 
piston, allowing the spring to expand into its original shape, thus indicating 
atmospheric pressure. In closing the indicator cock, care should bo taken 
to close it so that the small drip hole drilled into the plug at right angles with 
the steam passage opens commimication between the atmosphere and the 
indicator, otherwise an error may occur. 

The Vacuum or Zero PreMure Line. — ^The line of perfect 
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line draim below the atmospheric line at a distance measured on the scale of 
the spring used in taking the diagram, equal to 14.72 Iba. referred to a 30 inch 



Thm Clearance Line. — The percentage of clearance of an engine can 

be found by setting the engine on the center, and filling the clearance space 
with water, which must be carefully measured. 

The position of the cross head must now be marked on the guide, and the 
engine moved off the center. 

Next pour an equal amount of water into the cylinder, on the same end as 
it took to fill the clearance space, and move the engine toward the same 



Pig. ! JiTO.— El«tnc pencil control ai applied to the Taber indicator. /( eorubla of a magnet 
H. cuned on the lupport S. which is clamped to the body of the indicator by the tcrev E. 
C and D. are the Uraiinate of the magnet vindings. An armature D, ia monnted on the nd 
B. The rod B, ii acnwed into the upright on the snivel plate, and any movement of the 
arruaturfl A, produces a limilar movement of the pencil Co or from the drum. SprinjE D, 
oppoaea the magne^am and holds the aimature and pencil ld oS poution vrhcn then la do 
current throu^ msgnet. 

center as before, until the water is just beginning to run over, where it 
has been pgm-ed in. 

Now mark the position of the cross head again, and measure the distance 
between the marks. 

The ratio of this distance to the whole stroke is the ratio of the clearance 



INDICATORS 



volume to the whole cylinder volume. The _ 

of dearance can also be found from the indicaM 

diagram as in fig. 2,581. 

To Find the Mean Effective Pressure 
from the Diagram. — The mean effective 
pressure is the mean pressure in pounds per 
square inch acting on the piston. It is equal to 

mean forward pressure— mean back fressure 
and as obtained from the indicator card it is 
equal to 

mean height X sccde of spring 
the mean height being equal to 

area of card 4- its length 

Fig. 2,578 shows the method of finding the 
mean 'effective pressure from the diagram by 



The lettering i 
femd to To 



IG. 2,S81. — Method of determmiiig clearance for the diBgram- Draw the TScurnn Soe OX. 
parallel to the atmospheric line KL. Take two paints as a and d. on ttu mpaoiko lin <> 
t and f . on the comprejsion line, end construct reetanglea throuah these pointe TlmM' 
rectangles thus constnicled, draw a diagonal, and al the point O, whet? it iBlersKO*' 
vacuum line, draw the clearance line OlC and a parallel line lanaent to the dinnuii. Tte 
ratio of clearance then is OJ +JX. /n tku method of detecmiiSng cl^^eTanuiberB 
diaerama should be laid, out as above and the average taken. The Tiagonals IhtnaghteSf 
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Pio. 2.5SZ. — Ripper nwan pnssure indicator. lt% object is to obtain fiom pressure gauges 

the back pressure Bauge. The difference between the readings ol the two gauges gives, 
for ordinHTv cases, b. close appronimation to the elective pressure acting on the piston as 

S'vcn br an ordinary indicator. The action ot the valves is as iollows: Due at the valves. 
, IS a ball valve, and the other. E. a double seated valve. Suppose, in a vertical engine, 
the driving steam is on the upper side ni the engine piston, pressing it downwani, then the 
driving steam enters also the upper part ol the instrument at H, and presses down both tbe 
little valves upon their respective seats. This action puts the driving steam into com- 
munication with the fonvanl pressure gauge; and puts the back pressure steam, ivhicli is 
below the valves, into communication with the back pressure gauge, owing Ifl the double 

ment are automaticallv reversed, and again the driving pressure steam acts upon the forward 
pressure gauge, and tbe back pressure steam upon the back pressure gauge. In this way 

ThereiaaCDckA, and also D.atthe instrument end of the gauge syphon for rough adjustment, 
and cocks F and G. close to the gauge tor fine adjustment. By the use of two cocks, the 
gauge linger is maintained steady, and the gauge pipe is kept lull of water. The mean 
pressure obtained irom the gauges is the mean pressure on a time base. This differs some- 

the niotion of the piston is harmonic, and no t uniform throughout the stroke. In many cases 
which can^determined once lor all^y ac t"ual _tr!a™or by_ measurement from the_diagrama 
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Theoretical Water-consumption Calculated from the 
Indicator Card. — ^The* following method is given by Prof. 
Carpenter {Power, Sept., 1893): ^=smean effective presstire, 
/= length of stroke in feet, a = area of piston in square inches, 
a -7-144= area in square feet, (r = percentage of clearance to the 
stroke, 6 = percentage of stroke at point where water rate is to 
be computed, n= number of strokes per minute, 60 n = number 
per hour, ?£;= weight of a cubic foot of steam having a pressure 
as shown by the diagram corresponding to that at the point 
where water rate is required, t£;' = that corresponding to pressure 
at end of compression. 

No. of cubic feet per stroke —ll -^ 1 -^j. 
Corresponding weight of steam per stroke in lbs. =*/ f — —^ 1 



a 
. w 

144 



Volume of clearance's ^ 



Weight of steam clearance « 



14,400 

Icaw' . 



14,400 



Total weight 
steam per 



)er stroke / ^\ XQO )lU 14,400 " 14,400 f^*"*"^^ ^ ^• 



QQnla 
Total weight of steam from diagram per hour = nTTQQ [(6+c) w— oerH. 

The indicated horse ix)wer is />/afi +33,000. Hence the steam consump- 
tion per hour per indicated horse ix)wer is 

QOnla 



14,400 [(6H-c)w-cw1 « 137.50 [(64-c) w-cu/]. 
p/a» 4-33,000 p 

Changing the formula to a rule, it, is expressed as follows: 
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Rule. — To the percentage of the entire stroke which has been 
computed by the piston at the point under consideration add the 
percentage of clearance. Multiply this result by the weight of a 
cubic foot of steam, having a pressure of that at the required point. 
Subtract from this the product of percentage of clearance, multiplied 
by weight of a cubic foot of steam having a pressure equal to that 
at the end of the compression. Multiply this result by 137.50 
divided by the mean elective pressure, * 

The beneficial effect of compression in reducing the water consumption 
of an engine is clearly shown by the formula. If the compression be carried 
to such a point that it produces a pressure equal to that at the point under 
consideration, the weight of steam per cubic foot is equal, and w^w'. In 
this case the df ect of clearance entirely disappears, and the formula becomes 
137.5 {hw)-^p. 

In case of no compression, w' becomes zero, and water rate 

= 137.5[(6+c)«;]-^^ 

Prof. R. C. Carpenter {Sibley Jour, of Eng,, Dec, 1910) 
states that tests of engines show that economy is really decreased 
by high compression. Armand Duchesne {Power, Jan. 10, 
1911) gives as a reason for this that the steam undergoing com- 
pression is superheated and the work of compressing the super- 
heated steam is greater than the work which it gives out later 
when it is in the condition of saturated steam, 

^ The author believes that any decrease in economy claimed to be due to 
high compression, is not occasioned by the work of superheating the steam 
but, 1, b}r decreased mechanical efficiency and 2, by leakage past piston and 
valve during compression. Considering the amount of water in the cylin- 
der at the beginning of compression, due to condensation, it is doubtful 
in most cases, if the steam ever reaches the superheated state during com- 
pression. 

Prof. Denton {Trans, A, S, M, £., xiv, 1363) gives the following table of 
theoretical water consumption for a perfect Marriott expansion with steam 
at 150 lbs., above atmosphere, and 2 lbs. absolute back pressure: 



•NOTE. — ^Por compound or triple expansion engines read: divided by the equivalent mean 
effective pressure^ on the supposition that all work is done in one cylinder, 

*l^Cyr'B, — ^This method applies only to points in the expansion ctirve or between cut off 
and release. 
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Theoretical Watmr ContumptkM 



^,u. 


J 


M.E.P,, !b.. per sq. in. 


Lbs. of «at« p< 
per horso powe 


^ hour 




10 


52.4 


9.68 






15 


38.7 










30.9 










25.9 


7.84 








22.2 


7.63 








19.5 


7.45 





Fig. 2.5S3. — DiOBram illustrating comet length of cajti. In finding the nv 
from the indicator diaaram by dividins Hit area by ImgUi o/ Ihe diagram, 
lo measure the correct length. It both diagriins ai - > - -- - 



not accounted for by the indicator," due to cylinder condensation, leakage 
through ports, radiation, etc. 

The author believes that any theoretical calculation of water consump- 
tion, except to compare the theoretical and actual performance, is a waM* 
rrf time as it gives no indication of the amount of water used, by the engine. 
Hiere are too many factors, that cannot be calculated, such as initial con- 
densation, re-evaporation, leakag^i ^^c. A much better method, of "guessing 
at" the water consiunption is to assume the water consiunption to be 
ttie same as that obtained by tests of some other engine of the same type 
and size running under the same, or approximately the same conditions of 
initial pressure, ciit off and back pressure. Obviously, only by tests, or 
- ' - - ■■- ' jg^g j;an any reliable value be obtained. 



INDICATORS 



IG. 2.584. — Onliaate scale for me&surins the diasmni. Seveml "shoft cuts" roAybe leeoited 
to for ihoTtenins the labor of dividing the diag^'ain aod locating the ordinaCes. The Gimpleat 
of theK ii to have a rule, a little longer than theonlinary length of diasiams. divided uheie 
shown, just aa the diagram ia to be divided, ^ith nine spaces of equal length in the middle^ 
the two end space*, Olol, and 10 to 0, being one-half the width of the others. Four inches 
between the leni marks of the rule is a gixid length for diagrams from 3i4toi inches in length. 
Draw the lines O A and XB, at the extreme ends of the diagram and perpendicular to the 
Btmospheiic Une, Place the rule between them, at such an inclination that both leros come 
upon the i>FTpendiculara. Then with a needle-point prick the card op^Misite each division 
of the rule, and draw the ordinales peTpenducular to the atmospheric line and throogh 
these points. Of course any other number of ordinales than 10 or 20 may be used. 

ttp. If there be s negative loop 
sure o( the loop portion of the 
,hat of the other portion. For 
e engine, and the loop re p r e - 

.'40, we have 98+93+10+20 

the difference and dividing by 
I— SO) +10 -20.8 lbs. m.t.p. 

■ NOTE.— Strip of paper 





in the edge 








the whole 


l=ngth with a 


scale 


™o^onin 


Che,, a^. 


nultiply the \f ■ 


;ngth by the sc 


ale of the spring. 


The result v. 


ill be 


the height of , 






i equal 


to the 1. 


^ngthcf 


thediagrt 








aof'^fi^if: 






negativ. 


^l^m 


the diagi; 




lown. 




essure of tl 






sdiagran 




IB subllaet 


ed from that . 


iftha 














rting the ordi 




as bef^ dire^ 


ittd. and n™ "" 




as»al 


e.TiTthis 


case 40 


, we have 


08+03+40+20+8 
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by 10 to get the average, 
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, «.t.p. 
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The student of steam engine economy will gttia much valuable informa- 
tion by a study of Geo, H, Barms' called Engine Tests, also the various 
tests of Profs. Jacobus, Denton, and others. 

In forming an opinion from a test or set of testa as to the value of any 
feature of operation, as for instance, superheating, jackettitiE, condensing, 
etc., *( w only by the closest scrutiny of every condition entering the lest and a 
considerdble knowledge of steam engine performance that a misleading con- 
clusion can he avoided. Thus the steam jacket has been condemned by some 
and thought to be of very little value by others. As a matter of fact, the 
trouble is not with the jacket but due to bad judgment in usii^ it under 
unsuitable conditions. 



L 



Pig. 2.5S0 and 2,5S7.— Amsler plsnimeter and deUil of vernier. It eonmltte of two anni pivctod 
together at the top^pon one of which is earned a roller free to revolve upon an axis panUlel 
to the arm itself. The roller is divided circuiii£ereatiHJ1>- into ten equal psrta. each oC which 

repmenting each otie-Ienth oE a iquare inch, aa ihown in fig. 2.583. Clou to the Hlge of the 
roller is a stationaiy plate having the laine curvature and containing a vernier made by 
dividing a apace oin^tdatlta as Ioqje aa one of the large diviaiona of the roller into ten equal 

Tests have shown that the use of jackets have given a ranee of results 
from actual loss to a saving of 40 per cent. The latter saving naving been 
obtained by Donldn with a small engine at an early cut off. 
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testa at various cut offa give only apparent values, which do not represent 
the full gain, for the loss due to clearance increases as the cut off is shortened. 
"The reason for this is because the clearance in per cent referred to the point 
of out off increases as the cut off is shortened. 



The Pianimeter. — For ordinary purposes, the ordinary 
method of finding the area of indicator cards is sufficiently 
accurate, but if great accuracy be required a pianimeter should 
be used. 

By its tise the area of the diagram is measured, and by simply 
dividing this area by the length of the diagram, the average 



Fjg. 2,588. — VcmicT ___,. . .^ __, ,._,, __. _ _ . represent one of th 

IfiLTEcr diviskms of the pianimeter wheel, and the ipace between C and D, the vernier, I' 
nading the instnunent, take the nninber on Uie wheel that hu pused the Kro mailc of th 



s inch are indicated by the numb^ 
this case 1 ; bo that Uie readinff of 
ce between the line b, and the une 



■ "■'"'" ■" " '■'■" ■.QOftiii 



tentha, between 3, and d, three-tenths, etc.' If. thm! 
I'diwTtii^fa square inch, the lines I and b. will ccmicide, for two 



iindredtha. 3 and (, would coincide.'so Uiat it gives the hundredths of a aquare 

left of the lero mark, in this cass i; f.iin the number of whole s^jaces between that n 
and the zero mark in chia cue 7- and 1 ::!t the number on the vcnijer which is in line ■ 

decinml point beinff pLtced after liie 4, the 7 and Z, being tenths and hundredths aa 
eiplained. It will^e noticed that only the «ro. 5. and 10. are numberal on the ven 
fig. 2.587, and this is the case in the actual insttuinent. and the intermediate marka 
easi]; known by their position. The eye soon becomes accustomed to quicldy det4 
the mark upon the vemieT which coincides with one upon the wheel, the marks at 
nde of it beiBg just within the marics upon tlie wheel, grnngtheuraiiceiiwiitihown a' 
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height is found. If the area of a rectangle and its length be 
given, the height can easily be found by dividing the area by 
the given length. 



B inchea and tonthi ctf sauare inches* the_^v 



dredths. If. after the tnoing poinC baa circumscnbed ^e disKram, the dnim shows 2 
inches ajid 6-t«nths. and the vernier 4 beyond the last eiaduation on the dnun, the Br- 



ie diagnin wlil be 2.M iachea. This nsult i> then divided by the lenglk of &» 
ujHKcam, to sive the average hnght, and the quotient multiplied by the number of VU 
indicator spnoi nisd in making the card, in order to find the mean efftctivt prHiur*. 



Fics. 2jm to 2,692.— M*« 



™,' widely. H3 in fig. 2.S91. 
these is shDvn 



tberX^ 






placB the tracinK point on 

itandsr thon with the tracmj rj 
watch the wheels will take ou' 



obviously the ana of 
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Now, if the area of an indicator diagram be given, and divided 
by its length, the result will be the height of a rectangle, of equal 
area and length with the diagram. 

This would be the kind of figure marked upon the paper by the indicator, 
pencil, if a pressure equal to the mean average should act upon the piston 
throughout the entire stroke. 

The pknimeter is made in a variety of forms. The Amsler was the first 
to be introduced, a typical example of which is shown in fig. 2,686. 



Pig. 2,B83.— Ttaciaj ndna wrint od any 

convenient point in the Una of Ue diagram, and by prissiHg upon il, fil a sht*t inJeMalion 
U> mark tht foitit of iMriiiu. Take the readine of the instnunent ai it Btaudi, then vith 
tlie tnctog point foQow the tine of the disoram in Oh dirtctioH in vihich tki hands <^ a ilack 
moH. Remembering that a cloclaeisi mattmtnl i^ At traa^i toixt adds (A( aria and a 
coHnur cliKkwiii moetmtnt nliywta, follow the diagram natuiaUy aZl the way umnd as in- 
dicated by tfat annwg in the cut. Do not leave the adnuisioti boa at a, and ran out on the 
back preunre line, but follow the diagTam natuiBlIr all the way around, u the arrowg 
indicate. If the pointer trace counter cloclcwiw, the wheel win lobtract the ana inilnnd 
at adding it. Since the areai of the kiopa repreaent wfotfH wort, it must be eubtracted from 
the other portion of the diagram to get the effective ana. Hence, by foUowing the Una of 
the diagram aa directed, the point will pan around the negative portioni or "locma'* ot the 
diagiua counter cloclmoe, and autooutically aabtract theae areaa. Care ehould be taken 
in itartiDg, to move the tracing point in Mch dtiection that it will move clockwiae over the 

The p!aniinet«r should be used upon a smooth but not slippery surface, 
such as that of heavy drawing paper or Bristol board. Place a sheet of 
this large enough to include the planlmeter and the diagram upon the 
drawing board, which is furnished with many planimeters made of hard 
wood polished, and fasten it with thumb tacks or paper clips, which resemble 
those on the paper drum of an indicator, and are listened to the board 
furnished with the planimet«r. 

Set the stationary point of the planimeter into the paper in such a posi' 
tion that the tracing point can be carried around the outline of the diagram 
trithout bringing the wheel in contact with the card. 
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Indicating Gas Ei^ines.— While the indicator is sometimes 
used for determining the horse power of gas engines, especially 
those of large size, it can be made to serve a ntmiber of other 
useful ptuposes, as to show the timing, over richness or leanness 
of mixtures for different conditions of atmospheric pressure 
and humidity, the proper timing of the exhaust and inlet valve 





Fig. 2,594. — ^Typical gas engine card taken vvith a heavy spring, except that the suction and 
exhaust lines nave been exaggerated so as to be visible. The line CD , represents the suction 
stroke. If this line drop much below the atmosphere line it indicates that the area of the 
sucticm pipe is too small, that the valve opening is too small, or it may be caused by too 
many bends or short elbows in the suction pipe. DE, represents the compression line, at 
£, the explosion occurs, and the pressure jumps quickly up to the point A. Line AB, repre- 
sents the expansion of the gases. At B , the exhaust valve opens. This should be at from 85 
to 00 per cent of the stroke. BC, represents exhaust of the pushing out of the burned gases. 
The exhaust line should be close to the atmospheric line. It the line BC, be too high, it may 
indicate that the exhaust line is choked, or it may also be due to the cause mentioned above 
concerning the suction line. It should be remembered that the area included between the 
suction and esdiaust line represents negative work, therefore this area should be kept as small 
as possible. The above card is for a four-cycle engine. 

Fig. 2,505. — Card indicating idle stroke of a hit. or miss governed engine. The two curved 
lines represent compression and exx>ansion. If there be no leaks and the cylinder be not 
cooled too much, these lines should very nearly coincide. Any area between them represents 
lost work. 



events, whether the exhaust and inlet valve passages are of the 
right proportion or have too many bends, etc. 

For use with gas engines^ the regular piston is replaced by one 
of smaller size, inserting it in a sleeve in the main cylinder. This 
is done to reduce the area of piston because the pressures in gas 
engine cylinders are considerably greater than in steam engines. 
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Characteristic Diagrams. — If an engine be in good condition, 
so that there is no leakage in the valve or piston, and everything 
well adjusted, it should give a good card. 





Figs. 2,606 and 2,597. — Single valve throttlmg engine. These diagrams were taken with the 
same spring ad illustrate very well the action of the governor. Fig. 2,596 shows a light load 
and fig. 2,697 a heavy load. The point of cut off always remains at the same point, about 
three-quarters stroke, but as the load increases, more steam is admitted to the cylinder, 
and the initial pressure is consequently higher. 





Figs. 2,598 and 2,599. — Single valve cut off engine. For light and heavy loads, the ihitial steam 
pressure is about the same, and as the load increases, the point of cut off occurs later in the 
stroke. Compression becomes later as the cut off increases. The points of admission and 
release change also, but not so noticeably as the cut off and compression. 





Figs. 2,603 and 2,601. — High spead (250 r.p.m.) single valve automatic engine. The first 
diagram shows the "friction load" and indicates the work done in overcoming friction in 
the bearings of the engine. The diagrams for heavier loads usually show large compression 
at these speeds, and the point of cut off is seldom sharp. 

In practice all kinds of distortions are produced due to leakage, 
faulty setting of the valves, and in some cases, bad design or 
errors in construction of the valve gear. Figs. 2,596 to 2,605 show 
diagrams typical of various kinds of engine, and figs. 2,606 to 2,619 
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various faults which are frequently found in engine operation 
and which are, as can be seen, readily detected by the indicator. 

Indicating Compound and Triple Expansion Engines. 

— Indicator diagram multi-stage expansion engines are taken 





Figs. 2,602 and 2,603. — Moderate speed Corliss engine. Fig. 2,602 represents a load lighter than 
economical and fig. 2^603 about ordinary load. When the valves are in good order there is 
always a characteristic sharp cut off. Small compression is required because of slow speed 
and quick admission. The exhaust line being below the atmon>heric, indicates that the 
engine is running condensing. The amount of vacuum in pounds on the return stroke is 
the distance between the exhaust and atmospheric lines measured on a scale corresponding 
to the spring used. 




Pig. 2,604. — Four valve engine of the new pO|M>et valve type. This is a characteristic diagram 
of one of the newest types of Nordberg Poppet valve engines non-condensing speed 200 
r.p,m. M.e.p, 31.75. 




Fig. 2,605. — ^Uniflow engine. This is the characteristic card of one of {the latest types of 
Nordberg Uniflow Engmes, operating under normal load, condensing. 



in the same manner as are simple engines. To obtain accurate 
results a separate indicator should be used on each cylinder 
and all cards taken at the same time. 



1,310 



INDICATORS 



H 




Fig. 2,606. — Adndnion too earlg. The line HD, slants backward instead of being nearly- 
perpendicular. In a single valve engine, the cut off, release and compression also will be 
,too early as shown^ but in a Corliss these parts may not be affected. In the single valve 
'engine, the eccentric should be shifted on the shaft to decrease the angular advance. In 
the Corliss the lap of the admission valve should be increased. When release occurs too 
early as shown- at B , there is a lossof pressure due to the escape of steam. The valve should 
be set so that the drop from the expansion line to the back pressure line is as near as possible 
to the end of the stroke. 





Figs. 2,607 and 2,608. — AdmUtion t€>o late* The admission line CD, slants forward instead 
of being nearly perpendicular. With the Corliss or releasing gear it results from valves 
becoming misplaced or badly set.^ Admission may be made earlier by reducing the lap of 
admission valves. With single slide valve engines all other events are late also, as shown 
in the second diagram. The release occurs so late there is excessive back pressure at the 
beginning of the return stroke. The valve should be set so that the drop from expansion 
line back to pressure line is at the end of the stroke. . 




Fig. 2,609. — Steam throttled during admission, 'i he steam Ime drops instead of being hori- 
zontal, indicating that the port opening is not adequate to supply sufficient steam* resulting 
m a loss of pressure commonly called wit* drawing. 
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Pig. 2.610. — Cut off too €arbf. Steam expands until its pressure is less than tlie back 
in«ssure, and the expansion line crosses the back pressure line forming a loop. This is 
frequently found in automatic cut off engines working on light load. On such engines it is 
caused by too high steam pressure and wastes steam for the amount of work done, besides 
causing reversal of pressure and pounding. It cannot be remedied by re-setting the vidve. 
Steam must be throttled, the back ];>ressure lowered by running condensing, or the engine 
run slower. The dotted line shows the result of slowing down the engine and cutting off 
later. This diagram ahonfs also the result of too early compression. The steam is com- 
pressed in the clearance space imtil the pressure rises above that in the steam chest.. 

Pig. 2fill,-^Cut off too iate. This is characterized by a high pressure at release and 
means a big waste of steam due' to its inability to do more work by expansion before the 
exhaust opens. The boiler pressure should be raised so that a diagram of equal area may 
be obtained with an earlier cut off, or the revolutions of the engine increased, and the cut off 
made earlier. 










'«'=:r5" 



Pig. 2,612. — Compre99ion too earlif. The pressure in cylinder rises above that^ in the 
steam chest, and may cause chattering of the valve* pounding and heating, in addition to 
reducing the effective work of the steam. The dotted area plus the loop indicate the 
additional work obtained bv setting the valves for proi)er compression. A similar loop may 
be caused by the absence of load on the steam valve, but when this fault occurs, t|ie loop 
comes to a sharp point at the top. 

Fig. 2,613. — I«alr« indicated hg the exparuion line. If the expansion line be noticeably 
above the theoretical adiabatic exj^nsion line, steam enters the cylinder through a leaky 
valve after cut off. If the expansion line fall below the theoretical, steam leala past the 
piston, or gets out through a leaky exhaust valve. 





Pigs. 2,614 ani 2,615. — Leake indicated by contpreeeion line. The curvature of the 
compression line changes as the piston nears the end of the stroke, sometimes even forming 
a hook. This indicates the escape of steam from the compression space, eithfer through the 
exhaust or past the piston. 
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Figs. 2,617 to 2,620 show the three cards taken from a triple expansion 
eng^e. The cards for the different cylinders were taken with different 
springs in order that the areas of the cards might be large enough to show 
up weU, and when so combined their expansion lines should closely follow 
the hyjierbolic curve representing the total range of expansion. 




Fig. 2,616. — OofuienMation and re'etaporatton in egiindmr. If the expansion curve fall 
below the theoretical adiabatic line at the be^nning of the stroke, crosses, and then goes 
above, it is a fair sign that excessive condensation occurs at the beginning of the stroke, and 
re-evaporation during the latter part. Superheated steam or a jacketted cylinder will 
remedy such trouble, and restore the expansion line to approximately the normal position. 




HIGH PRESSURE CARD 



INTERMEDIATE CARD 



LOW PRESSURE CARD 



r^BQBES^KB 



Figs. 2,617 to 2,620. — Indicator cards from triple expansion engine and combined diagrams. 
From the cards, fi^g^s. 2,618 to 2,620, it is seen that the high pressure cylinder is working entirely 
above atmospheric pressure; the intermediate, both above and below, while the low pressure 
cylinder works entirely below atmospheric pressure. In order that these cards may appear 
in a proper relation to each other, they can be combined in one diagram as in fig. 2,617. To 
do this the Pressure and volumes in the several cylinders have to he reduced to a common scaUt 
as explained in a previous chapter, and when so laid out the different cards fall in the 
positions as shown. In the combined diagram, the total length of each card represents 
the volume of the corresponding cylinder. 
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NOTE,— rh« conllRuou* card Indicator ': 

■ction of thfl edgme under varying loadi 
dram, the continootu dnun, conUming 
the peperwaataiDAtiCHlly ibifted. thui 
■tnp 04 paper. The Btinos|;Aeiic line ii 
for that porpoee. 

NOTB.— Schscffer end Budenb«nr gat ranne indicatorfi 
and cylinderi have >4. H and H "I- «■ Brese. adapting the i 
heavy preaauid rcepectively, A aafety stop iapnmded for pi 
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READY REFERENCE 

INDEX 



vrfTOiills., 1,007-1,000. 
ictml, locomotive, dise.. 1,030. 
vine, induction diagrain, 1.3QS. 
UH cup. ills- 1.140. 



B 



e, bearing, illl., 1,251. 



decapod type, i 

eight coupled type. iUS'i 950- 

Fomcy type, Uls., B6S. 

four coupled two reur irfwel Inicli type, 

ill*.. Ml 
MiUet srticulat«d type, illl., MZ. 
mogu] type, ills., 9JS. 
Sante Fe type, ills., MO, 9TT. 
Bin coupled twitching, i^., 069. 
ten wheel tyiw, ills., 956. 
two cylinder compound valvei, dicg.> 



pO'nst, l.lSs. 

running, I.IM. 
Box, jouniidi locomotive, Itb., 9 

und, locomotive, S5fi. 
Boxwood indicator scale, it]H». ' 
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horisoHlal, dry pipe, ilia.. 1.D96. 

tubular, supporting, ills., 1.104. 
IfKation, in power house, 1,092. 
locomoUvt, 951. 

vertical, ills., 1.073. 
multi-tubular, 632. 
power station, location, ill*., 1,002. 



roomTplan'.'llM^'lisa.* 



Bumper, locomotive, ills., 095. 
BufnTna point, lubricant, 1.118, 

By-pass valve, locomotive, ills., 
lurbiat,m.,_ 1,235. 



Cab, locomotive, 920. 
interior, ills., 077. 
Cam drive, popwt valve engiiu, 1.041, 

Canvas packrags, des., 1,172. 
CaoiDsrv lubrication system, 1.132, 1.134 
icking, turbim, ills-, 1,221. 
»pe n ica « ^.^^ 

indation, 1,095. 
uenter. line, mre, securing, ills., 1.102. 
pin, locpmottve, 901. 

CentiiCugal/force, turbine, 1.2fi3.' 

lutnication, 1.131, 1,135. I,13S. 

shaft governor, turbine, ills., 1.234. 
"•-in, oiling, ilia.. 1,135. 

Htnd, duB., 1.190. 

_, , .:... 1^0311. 

!, 961, i.oei. 



Card. 

Cut noeile, steam 
Castings, Btesjn engine. 
Cement, — ■-- ' — •■-' 



tmbers, locomotivi 



, ills., 1,028. 



Cireulitina pump.'l.u'^, i,I4fl. 

Clamp, Mt. ills., 1,156. 

Clearance, turbine, determining, 1.256. 

Use indicator card, 1,3SS, 1 JOS. 
Clermont, Pullan'a, 1,048. 
CUpper engine, marine, 1.064. 
Clutch. HOI, Uls., 1.I6S, 1,169. 



Bn aversain^ mstru 

impound, nniie, indicator, diagram, 1,309. 

marine. 1.048, 1.070-1.073. 

two cylinder, crank scuuence, 1 ,075, 
impulse turbine, diag., 1,210, 1,212. 
locomotive, OSS. __ 

matim <«(>«, ills., 1.016. 1.070-1,073. 

" uuI'i.ora. 

Marine Iron Worlo. Eteepie, ills., 
1,073. 
luTbint, 1,213. 



ircaid, ills., 1,285, 
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Corliss eoranCi condenseTt 
1,149, 1,150. 
Comignled furnace boiler, locomot 
Counterfeit marine FiigLaes, 1,W7. 
Counteishaft, iUs., 1,100. 

locatinD, power stitiDil^ itU., 1 



stum turbine, ills., 1.244. 
Cow catcher, locomotive, Obi. 
Crank(s). oiler ring, ills., 1.134. 

pin, olignmeat, ills., 1.111. 
oil cup, ilia., 1,130. 



,iU3., 1.270, 1. 



omotive, type, 97S, eSO-482. 

f'sisht feed oil cup, ills., 1.131. 
turbine, ills., 1.23S, 1.260. 
BTSnce, ills., 1.256. 
istruction details, ills., 1,256, 1, 

I,25Q. 
'emor, ills., 1,231. 1,231. 

'"'slilla.71,2^*. 



Htln.illa., 1,255. 

gear, ills., 1,264. 
Curve, expansion, hyperbolic, diag., ' 



wnlking beam eng 

Cylinder, air compress 

cap, distributing ^ 

ai^nc, alignment, 



1,100, 1.103, 1 
1,0SS, 1,090. 



locomotive, 053, 978, 980. 



D 

re.96e. 

BDVMnor,iUs.ri!S2S. ' 
roulti-^tage, iUg., 1,213, 1.215. 
□Derstion. 1.260-1.268. 



n. locomotive, 074. 



Dampen, kxximotive, 966. 

"-"—' — — loke boi locom. .. 

locomotive, ills., 960. 

ine. bearinfts, ills., 1,22! 
■Us., 1.214. 



'\c, backing, mari 
imotive, iBs^ SS- 
rication^ 1.133. 



°mS"*' 






!. ills., 1.050, 1,051. 
paaoLo eagme, ills-, 1.056. 

Engine, see Steam engine. 

locomotive, see Locomotive. 

lubrication,' 1.115-1.122. 

marine, 1.045-1.090. 

rDom,pUn, 1.092, 1.093. 

rotary, 1.193-1.200. 

steam, see Steam en^ne. 
Hneineer's packing tools, ills., 1,170. 
Exhaust, notile, locomative, 963, S8S. 

pipeM, indicator, 1,271, 1,292. 






port, locomotive, MS. 

>t»un pasiBgBS, locomotive. 056. 

indicator, ilb., 1.285, 1 J86, 1,204. 

[Qotive, 1.004. 

ng, indicator, 1,294. 

in, ills., 1,060. 

irve, byperbolie, diag., 1.203. 

diag., 1,164. . 

dicator diags., l ,090. 



IV 
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yalve» steam acctamiilator> 1,248. 
Expected diagram* triple expansion marine 
engine* l,(k61. 



F 



Feed* oil cup* lubricaticm. ills., 1,188. 
pump, boiler, care of* 1,160. 

marine engine, conn.* ills.* 1,083. 

starting* 1.146. 

steam engine. 1,159. 
Fire* box, locomotive* ills.* 953* 965* 970* 971. 
Plaxuse* locomotive* 962. 
Fly wheel* engine ass.* 1,098* 1,108* 1.109. 
Force feed* luDricataors* 1,129. 
Forced draught, locomotive* 963. 
Fore and ait compound marine engine, of 
airthor's steamer Stornaway /* 
ills.. 1,072. 
Formula* iMston diaxneter* locomotive* 981. 
Fomev type locomotive* Baldwin* ills.* 968. 
Foundation engine* 1,095-1,100. 
Friction* cause of* 1.116. 
Fulton's steamboat Clermont* 1,045. 
Furnace* locomotive* 952. 



Grease cups* 1,139-1,141. 

Grouting space* engine bed| ills** 1.099. 

Guide* engme* alii^iment* ills.« 1.106. 



G 



Gas engine* indicator* diagram* ills.* 1,307. 
Gasket* 1.166. 
Gauge* air brake* ills., 1.004. 
l>road, standard* 957. 
cocks, locomotive, 976. 
narrow* locomotive* ills.* 959. 
water, locomotive, 976. 
Gear, bearings, ills.* 1.266. 
locomotivef 952* 963. 

running parts, 990* 991. 
reductUm^ turbine, ills.. 1,212* 1,266. 
locomotive* 953, 980, 990* 991. 
Governor* compressor* locomotive air brake* 
ilb.* 1.026* 1.027. 
indicator* ills.* 1,308. 
intermittent admission* 1,233. 
throttling. 1.227. 

turbineTSUa-* 1.227-1,235, 1.241, 1.253* 
1,264. 
Graham* compound^ engine of steamer Storn- 
«miif/* ills.* 1,072. 
single acting* one valve triple expansion 

marine engine* ills., 1,0/8. 
special two cylinder, transfer expansion 
oscillating marine engine, ills.* 
1,074. 
Graphite* forms* 1,119. 

padangs. applying methods* des., 1,172. 
Grate* area, locomotive. 971. 

boiler* locomotive, ills.* 972, 973. 
locomotive* 959* 972. 



H 



Hamilton-Hokwoith turbine, 1,218» 1.219. 
governor* ills., 1.238. 

Hammer* water* steam engine* 1.144. 

Handle* automatic brake valve* ills.* 1.020. 

Heater* water locomotive* 962. 

Hedley's locohiotive* ills.* .952. 

Hemp packings* 1,172. 

Hero s turbine* ills.* 1,207. 

High speed marine engine* the author's su^^ 
acting, one valve triple eipaa- 
sion* Ills.* 1,078. 
the author's special two cylinder oscillat- 
ing transfer expansion* ills., 
1,074. 

High vacuum, turbine* 1,249. 

Hifi clutch mechanism* iUs.* 1.166, 1.168. 

Hit or miss gas engine* diag.* ills.* 1,307. 

Horisohtal* adjustment* steam engine shaft, 
ills.* 1.105. 
^ boiler* supporting* iUs., 1,104. 
' engine, marine* 1,046. 

Hot bearings* steam engine, cause of* 1,157. 

Hot well, steamer Stornaway 1. ills.* 1,160. 

Houghtaling redudiig motion* iUs.* 1.278. 

Hult rotary engine* uis.* 1,197* 1.199. 

Hydrokinetic lubricators, 1,123, 1.124* 1.126, 
1.128. 

Hyperbolic exiMmsion curve* 1.243. 



I 



Independent, brake valve* parts* 1 .018-1 .022. 

pump, ills., 1.145, 1.146* 1.149* 1.150. 
Indicator* steam* 1,269-1.314. 

atmosi^eno line* 1.294. 

averaging instrument* iUa., 1.304. 

calculations* 1.296-1,313. 

cock* ills.* 1,294. 

cord* iUs.* 1.280* 1,283* 1,284, 1.286, 
1.297. 

cylinder, 1.269* 1.271, 1.296. 

drum* 1.269* 1,280. 

inertia of, indicated, 1.313. 

inside spring type, iUs.. 1,270, 1.271. 

lever reducing motion. His., 1,276. 

mean pressure* ills.* 1.297. 

outfit, ills.*. 1.284. 

outside spring type* ills.* 1.280. 

parallel motion* ills., 1.272. 

parts* ills.* 1.270* 1.280. 

pencil centred, ills., 1,293, 1,295. 

piping* 1*279, 1,281. 

piston* 1.269. 1.271, 1.276, 1,296. 

planimeter* ills., 1.302* 1,305. 

reducing motion* ills., 1,276, 1,279. 

scale* iUs., 1.274* 1.279. 
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Indicator*— CowltiiNctf 

speed, Starrett's, ills., 1,159. 
sprmg, 1,273, 1,274, 1,275. 

hanging, ills., 1,275. 

indicated, 1.313. 
vernier scale, ills., 1,303. 
Indicator card (s), 1,307, 1,308, 1,300, 1,310, 
1,311. 
admissionf choked, 1,313. 

early, 1,310. 

late, 1,310. 

Une, 1.284, 1,286, 1,287, 1,280. 

throttled, 1,310. 
atmosi:^eric line, 1 ,204. 
back pressure, excessive, 1,313. 
clearance, ills., 1,205, 1.206. 
compression, early, 1.311. 

late, 1.311. 

line, ills., 1.285, 1.201, 1.202. 
leaks indicated, 1,311. 
object, 1,201. 
condensation in cylinder, 1,312. 
Corliss engine, 1,300. 
cut off, early, 1,311, 1,313. 

engine, 1.308. 

late, 1.311, 1,313. 
cylinder, condensation and re-evapora- ' 

tion, 1.316. 
exhaust, choked, 1.313. 

line, ills., 1.285, 1.291. 
expansion line, ills., 1.285, 1,280. > 

leaks indicated , 1 ,3 1 1 . 
IS engine, ills., 1 .307. 
Ugh, pressure, 1,312. 

speed en^ne, 1 ,308. > 

inertia of indicator, 1,313. 
intermediate, 1,312. 
lead, 1.313. 
leakage, 1.311, 1.313. 
low i>re8sure, 1,312. 
multi-stage expansion engine illustrating 

diagram factor, 1.082. 
negative loop, 1.301. 
oil engine, ills., 1.400. 
poppet vsdve engine, 1.300. 
pre-release, early, 1.313. 

Une, 1,285, 1.200, 1,201. 
pressure, back, 1.313. 

mean effective, 1.206. 
quintuple .expansion marine engine, 

Graham dia^[rams, 1.000. 
te-evaporation in cyhnder, 1.312. 
scale, 1.301. 

single valve throttling engine, ills., 1 ,308. 
steam, distribution, 1,313. 

line, ills., 1,285, 1,288, 1,280. 
steamer Monnu>uth, 1,084. 
sticky indicator, 1,313. 
taking, 1,282. 
theoretical, ills., 1,285. 
throttling en^ne, 1 ,308. 
triple expanston engine, 1 ,312. 

graphical method of proportioning 
cylinder diameters, 1 ,080. 
uniflow engine, 1.300. 
vacuum Une, 1.294. 



Saa 
ig 



Indicator eard(a),~-CofiA'iMfeJ 

valves leaking, 1 .313. 

various, ills., 1.313. 

water consumption, 1.298, 1.300. 

zero pressure une, 1,294. 
Injectors, locomotive. 967. 
Iron rust cement packings, des., 1,171. 



J 



Jahn's governor, turbine, ills., 1.229. 
Jet condenser, 1.146-1,148, 1,163. 



K 



Kinetic energy, 1.202. 
Knocks, steam engine, 1,155. 
Koerting condenser, iUs., 1,150. 






Lacing belt, 1,157. 

Laying up steam engine, 1,188, 1,180. 
Lead, black, uses, 1.119. 
Leaks, indicated, ills., 1.311, 1,313. 
Lighter, steam, ^wer plants, author's com- 
parison, diags., 1,068. 
Line, see Indicator card. 
Link motion, so called Stephenson, iUs.^ 084. 
Lippincott indicator, ills., 1,271. 
Locomotive(s), 051-1,044. 
adhesive power, 957. 
air brake, 1,032-1.044. 

valve, see Air brake valve, 
air compressor, see 1032-1044. 
American type, Baldwin, ills., 956. 
Atlantic type, Baldwin, ills., 961, 963. 
baffle plate, use, 967. 
bearings, main, 991. 
blast pipe, use, 963. 
boiler, attachments, 976. 
bar, ills., 973. 
Belpaire, des., 970. 
classification, 968. 
fire box, des., 970. 
frame, 953. 
grate, variations, 972. 
heating surface, 971. 
requirements, 962. 
standard form, 964. 
straight top, 969. 
turtle back, 969. 
wagon top, 969. 
water grate, ills., 973. 
Wooten, 969, 970. 
brake, air, 1.032-1.044. 
location, 955. 
double heading, 1,023. 
bumpers, ills., 995. 
cab, interior, ills., 977. 



VI 
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L.ocon>otiv*(s)« — Continued 
classification*, Uls., 054-062. 
compound, distribution* diag.* 088. 
compressor, 1.032-1,034. 
connecting rod, des., 083. 
consolidation type, Baldwin, ills., 050. 
control, automatic, diag., 1,030. 
coupling rod, des., 083. 
cow catcher, 055. # 

cross heads, 081, 082. 
cylinder, casting, parts* ills., 078* 070. 
dead engine* device* 1 ,028. 
decapod type* Baldwin* ills., 060. 
double heading, 1,023. 
dry pipe, 073. 

eight coupled type, ills., 050. 
esuiaust, nozzle* 055* 0^. 
fire box, construction* 065, 070, 071. 
forced draught, 063. 
Forney type, iUs., 068. 
four coupled* ills., 067. 
freight, cross head, 076, 081. 
fuel, 050. 

gear, running, 000. 
grate area and heating surface, 071. 

Elide, 081, 082. 
edley's, flls.* 052. 
holding, 1,031. 
injectors, use, 0(76« 
intercepting valve, 087. 

Sumai boxes, ills., 006. 
[allet articulated type, ills., 062. 
Mikado type, ills., 061, 087. 



Mogul type, ills., 058. 
"Oldlr 



Ironsides," ills.* 051. 
operation, 1*002, 1,020. 
Pacific type, 061, 064. 
pilot, ills., 005. 
piston, 080, 081. 

rod, 080. 
power* 063. 
Prairie type* 061, 064. 
reducing valve, 080. 
running gear, 000, 001. 
saddle, 053. 

safety valve, "pop," 076. 
sand box, 055, 076, 006. 
Santa Pe type, ills., 060. 
shde valve, 070. 
smoke, box, 073, 074. 

stack* iUs.* 074. 
si>ark arrester, 067. 
springs, 001. 
steam dome, parts* 067. 
switching type, ills., 065* 060. 
ten wheel type, ills., 056. 
tender, ills., 004-006, 1.042. 
truck, four wheel, 053, 001-003. 
types, ills., 056,058-065, 067, 068. 
valve, chest, ills., 070. 

compound, diag., 080. 

gear, ills., 070, 083. 

link motion, Stephenson, 084. 
WaUchaerf, Uls., 084-086. 

safety, 076. 

slide* 070. 



Locomotive, t>mi9;—<^ontinued 

starting, 088. 

throttle, 055, 073, 075. 
variable cut off, ills., 053. 
water scoop, ills.^ 004. 
weight, distribution, 053, 055. 
Loose, eccentric reversing gear, 1,040. 
Lubricants, 1,115-1,122. 
grease, 1,130. 
ofl, 1,110-1,122. 
qualities, 1,116, 1451. 
temperature effects, 1,117, 1,142. 
tests, 1,116-1,122. 
Lubricating, devices, 1,124-1,141. 
grease, 1,110, 1,130. 

cups, 1,140. 
indicators, 1,277. 
oU, 1,110-1,122. 

application, 1,142. 

cups, 1.131-1.138, 1.142. 

grooves, 1,142. 

pump. 1,128-1,130. 

rancid, 1,122. 

tests, 1,116-1,122. 
Lubrication, 1,123-1,142, 1,161. 
bearings, turbine, 1,244. 
engine, 1,123. 
forced, turbme, ills., 1,252. 
systems, capDlary, 1,132. 

centrifugal, 1,135. 

compression, 1,130. 

external, 1,130. 

irravity, 1,132. 

inertia, 1,135. 

pressure, 1,138. 

splash, 1441. 
turbine, bearing, 1,244. 

forced, flls., 1,252. 
Lubricators, gravity, 1,124. 

hydrokinetic, 1,124. 
Lunkenheimer oiling devices, 1,131-1,133. 




Mallet articulated type locomotive, ills., 062. 
Management, steam engine, 1,143-1.102. 
Manhole, locomotive, 074. 
Manzel oil pump, iUs., 1.120. 
Marine, boiler, piping, ills., 2,264. 

vertical. Marine Iron Works, ills., 
1.073. 
Marine engine (s), 1,045-1,000. 
air pump, ills., 1.083. 
alignment, 1.111, 1,112. 
author's, 3}4 and 8X6 compound of 
steamer Stornaway J, ills., 
1.072. 
oscillating compound, ills., 1,074. 
single acting, triple expan., ills., 
1,074. 
beam, ills., 1.048-1.055. 
bed plate, aligning, ills., 1.112. 
classification, 1,045. 
compound, 1,070-1,075, 1,077. 



INDEX OF GUIDE No. 3 



VII 



Marin* •nir^*(*)> — Continued 
counterfeitt 1,067. 
cross headt pixxnp, ills., 1,085. 
cut off valve, ills., 1,063. 
cylinders, dassificatioiit 1,047. 
design, 1,059, 1,060, 1,064. 
dipper, 1,064. 
dector pump, 1 ,064. 
feed pump, comiection, ills., 1 ,083. 
frames, 1,047. 
inclined paddle, des., 1 ,057. 
loads, characteristic, 1,047. 
lubrication, 1,134. 

Marine Iron Works, adjustable cut off, 
ills., 1,063. 
• single cylinder tug, ills., 1,065, 
1,066. 
steeple compound, ills., 1,073. 
stem wheel, ills., 1 .058. 
multi-stage, diagram, 1 ,082. 
nigger, 1,064. 

oscillating^ two cylinder transfer expan- 
sion Graham special, ills., 1,074. 
paddle, ills., 1,056, 1,057. 
poppet valve, diag., 1,062. 
power application, 1,046. 
pressure, 1,049. 

classification, 1,045. 
propeller, ills., 1,048. 
proportions, 1,060, 1.064. 
pump, cross head, ills., 1,085. 

drive, ills., 1,089. 
quadruple eicpan., types^ ills., 1,086, 

1,087. 
quintuple expan., Graham diags., 1,090. 
snaf t alignment, 1,111. 
simple, 1,065. 
single cylinder, ills., 1,066. 
steam lighter ^wer plants, author's 

comparison, ills., 1,068. 
Seabury, ills., 1,079. 
single cylinder, ills., 1,066. 
stern wheel, des., 1,057-1,060, 1,063. 
triple expansion, ills., 1.075-1,085. 

Graham single acting, 1,078. 
tug, ills., 1,065. 

valve, adjustable cut off, His., 1,063. 
cut off, ills., 1,063. 
gear, Sweeney, des., 1,062. 
poppet, ills., 1,061, 1,062. 
setting, 1,053. 
variable cut off valve. Marine Iron 

Works, ills., 1,061. 
vertical inverted, des., 1,065. 
walking beam, 1 .048-1 .055. 
Western river, ills., 1,061. 
Marine Iron Works, boiler, ills., 1.073. 

engines, ills., 1,058, 1,063, 1,065, 1,066, 

1,073. 
valves, ills., 1,061, 1.063. 
Mean effective pressure, diag., 1,294, 1,296. 
Mean pressure, indicator, ills., 1,297. 
Metallic packing, ills., 1.172, 1.173. 
Mikado type locomotive, ills., 961, 987. 
Mineral oil, 1,121. 
Mogul type locomotive, ills., 958^ 



Moncky wrench packing, 1,162, 1,175. 
Monmouth, steamer, indicator cards, 1,084. 
Multi-stage, expansion engine, cut off, 1,048. 

marine engine, diag., 1,082. 

author's oscillating, ills., 1,074. 

turbines, see Steam turbines. 



N 



Napier's experiment, 1,205. 
Nathan oiling device, ills., 1,124, 1,128. 
Nelseco Diesel engine, ills., 1,475. 
New York loco, compressor, ills.. 1 ,032. 

control equipment, ills., 1,030. 
"Nigger" engine, marine, 1.064. 
Non-condensing marine engine, 1,046. 
Non-expansive rotary encjine, ills., 1,196. 
Nozzle, exhaustf locomotive, 955, 963. 

lubricator, ills., 1,126. 

turbine, ills., 1 .203-1 ,205, 1 ,209. 
Nugent oiling devices, ills., 1,152. 
Nut, obstinate, starting, 1,185. 



O 



Oil, animal, 1,119. 

cups, 1,131-1,138. 

grooves, ills., 1,158. 

lubricating, 1.119-1,122. 
application, 1,142. 

mineral, 1,121. 

packings, des., 1,168. 

piping, packing for, 1.168. 

pump, ills., 1,128-1.130. 

rancid, 1,122. 

tests, 1,116-1,122. 

vegetable, 1,120. 
Oiler, crank pin, ills., 1,136. 

ring, ills.. 1,158. 

sight feed, ills., 1.132, 1,137. 
"Old Ironsides," locomotive, ills., 951. 
Oscillating engine, Giaham, two cylinder 
transfer expansion marine, jack- 
etted, ills., 1,074. 
Outboard bearing, ills., 1,103, 1,104. 
Over travel, steam engine, 1,156. 



P 



Pacific type, locomotive, ills., 964. 
Packing, 1,165. 

air, des., 1,168. 

ammonia, 1,168. 

applying, methods, 1,170-1,173. 

asbestos, des., 1,173. 

canvas, 1,172. 

carbon, ills., 1,221. 

expansion, diag., 1,164. 

graphite, 1.172. 

hemp, 1.172. 
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Bton, sir, 1,034. 

compnsKr, ilia., 1.036. 
pump, padodg, 1,170. 

cnteiinc, l.ITe. 
eleataoee, 1.178. 

indicalor.l.zee, 1.270,1.279, 1.2SB. 
iacomaitt, 930, 9S1, SS8, 1,03B. 



paddnff, 1,171- 



k, OBI. 



.158, 



"PotaiU," oil cup^ ilk., 1.13S. 
Pony truck, kmoinotivg, 997. 
"Pop" «K(aty t»1tc> looocoDtive, 978. 
Poppet valve, earn driven, 1.061. 

engiiiei beun. dua., l.(U2. 

nv.beamaojpne, 1,M9, l.OSO. 

loCDniotive, Vfbf B7B. 

ililli.'. l',126^ l',127*, 1,137. 
i.131, 1.138, 1,13S. 



drive, muine encDne, ill>., l.OSB. 
/«(f,1.14fi,l,14$[l. US, 1.159. 

opeiBtnii, 1.160. 

■tarCing,1.148. 
location, power pUnt, ilk., 1.094. 
nuriM cDfiHi, (Trive, illi., LOSS, 1 

feed coaneotHin. ills., 1.0S3. 



, .1.129. 

hand, ill*., I.12B. 



r, illi., 1 



1,130, 1,131 



1,046,1,086,1.087. 



R 

Radial, aim, indicaton, 1,372. 
RateauiMun UBiim., 1.241, 1,242, 1,248. 
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IX 



Reciprocatingy enginet over travel* 1*156. 
Reducing, motion* indicator* 1,276-1 ,2S2. 

wheel* indicator* ills.* 1,277. 
Rees marine engines. 1,048* 1,050* 1,060. 
Relief valve, accumulator. 1,248. 

power plant piping* ills.* 1,094. 
Reservoir* locomotive air brake* 098* 1,003. 
Reversing valve gear, loose eccentric, 1,049. 
Ridgway turbine* 1.203* 1.263* 1,264. 
Ripper mean pressure indicator* ills.* 1,297. 
Robertson & Sons, pencil control, 1,293. 
Rod* coupling locomotive, 963. 

piston* alignment* 1,180* 1,181. 
Rotuy* engines, 1,193-1,200. 
marine* 1,047. 

turbine* dei.* 1,193. 
Rotor* turbine* ills.* 1.206* 1,209* 1,211* 

1,213* 1,237. 
Rubber packing* ills.* 1,173. 
Running gear* locomotives* 953* 990* 001. 
Rust* steam engine* preventing* 1.188* 1,101. 



S 



Saddle* locomotive* 053. 

Safety valve* air bntke, ills.* 1 ;005. 

locomotive* 067* 076. 
Sand* box* locomotive* use* 055* 076* 006. 

pipes* locomotive* 077. 
Santa Pe type locomotive* ills., 060. 
Scale* indicator* ills.* 1.274* 1,301-1,303. 
ordinate; 1.301. 
vernier* ills.* 1,303. 
Screw, marine engine, 1,046. 
Schaeffer and Budenberg indicator* 1,273* 

1,314. 
Schooner* "Santa Anna" machinery arrange- 
ment* ills.* 1,088. 
Scoop* water* locomotive, ills., 004. 
Scotch yoke pump drive, ills., 1,080. 
ScreWf drivers* ills.* 1,176. 

piston grease cup* "Marine" type* ills.* 
1.140. 
Seabury marine enc;ines* 1,063* 1,077* 1,070. 
Self-oiling bearing* ills.* 1,158. 
Shaft* steam engine, journal* 1,108. 

alignment* 1,105, 1,100, 1.111* 

1,112. 
thrust* ills.* 1,188. 
Ueamturbine,iS\s,t 1,217* 1,210. 
^vemor, ills.* 1,234. 
Shifting link* locomotive* 052. 
Sickles cut off gear* 1,040. 
Sight feed lubricating device* 1,127* 1,120* 

1,131-1.133* 1,137, 1,138. 
"Signal" sight Ifeed oil cup. ills.* 1,131. 
Simple* im^ralse turbine, ills.* 1,265. 
Single* acting* one valve triple expansion ma* 
rine engine* Granam, ills., 
1,078. 
cylinder marine engine, ills.* 1,066* 
Siphon condenser* 1.147* 1,140* 1.163. 
Slide* valve, locomotive* 070* 088. 
unbalanced, 1,050. 



Smoke* box, locomotive, 073* 074. 

stack* locomotive, ills.* 052* 074. 
Smith type* Hill clutch* ills.* 1 ,160. 
Soapstone* 1,110. 

Soule rotary engine* parts, ills., 1,106. 
Spark arrester* locomotive, 067. 
"Spiro" steam turbine. Buffalo* ills., 1,262. 
Simngs, indicator, ills.* 1.273* 1.275* 1,270, 
1,280. 
locomotive, 053. 

running gear, 001. 
Standard* gauge track* 057. 
locomotive boiler. 965. 
Starrett speed indicator, ills., 1,150. 
Station, power, 1,001-1.004, 1,009. 
installation* 1,091-1.114. 
management* 1 , 1 43-1 . 193. 
Steam* acctimulator* 1.241-1,248. 
air compressor* diag., 1.035. 
boatijs), pioneer* 1.045. 

stem wheel, 1,060* 1,064. 
boiler* see Boiler, 
chest* indicator, 1,288. 
critical pressure* 1,205. 
distribution* compound loco.* diag.* 988. 
dome* locomotive* parts* 967. 
economy* 1,092* 1.093. 
energy* card^ 1,240. 
Steam engine, alignment, 1,100-1,115. 
assembling* 1,108. 

auxiliary machinery* laying up* 1,189. 
beam* 1,048-1,057. 
bearings* see Bearings, 
bed plate alignment, 1,112. 
care^ 1.165. 

castings, main, placing* 1.097. 
compotmd, indicating* 1 ,309. 

Graham special two cylinder, trans- 
fer expansion, jacketted, marine 
oscillating* ills.* 1.074. 
3^ and 8X6* fore and aft* of au- 
thor's steamer Stmrnoway I, 
ills.* 1,072. 
two cyl.* crank sequence, diag., 
1,075. 
concrete bed, ills.* 1,098. 
condensation* excessive* effects* 1,144. 
condenser* jet, ills.* 1,148. 
Corliss* condenser* con.* 1449, 1.160. 
crank and crank pin* see Crank, 
cross head guides* testing, 1,100. 
cut off* see Cut off. 
cylinder* see Cylinder, 
disassembling, 1.176. 
eccentric* see Eccentric, 
exhaust, see Exhaust. 
feed pump, 1.150* 1.083> 
starting with* 1,146. 
foundations, template* ills.* 1.005-1.100. 
gasket* 1,166. 

Grahamp special two cylinder* transfer 
exptansion, jacketted, marine 
oscillating* ills.* 1,074. 
3H and 8X6, fore and aft* com- 
pound, of steamer Storrtoway 
Jr., 1.072. 
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emit*, aUaning, ilk., 1,106. 
EiDuting, Uls., 1.009, 1.106. 



jet condenwr, eonneclior 
Imocla, cauKs, 1,155. 

leaks iiidiCBted, 1,311. 
locomorrive, se« Locomoti 



knocks, 1,1S5. 
lubrication, 1,123-1.142, 1 
stBiCing, 1.144-1.151. 
stopping, l.lao-l.lM. 



cn^es, 1 .045-1 .0»G. 



quadruple ex^nsipn|i\046, 1 .o'se, 1 .087. 



aline 
1,108, 







.285, 1.288, 1.280. 



17. 

oooetruction details, 1,256. 
coupUng, flexible, ilia., 1,244. 
Curtis. 1,2£3, 1.250. 
cvlinder, ills.. 1.239. 
DeLanl, runoinE, 1.266. 
development, 1.201. 
discs, statioiHry, ill^., 1.219. 

genmtor, AlS^h^en, ills., 1,244. 
gUnd, ills., 1.2IS. 
smtmoTf action, 1 ,230. 

aiuLliary, ille-, 1,235. 

classiflcatioD, 1.227. 

Jahn's type,' ills.,' 1,229. 
operation, 1,228. 
Panpna. ills., >.232, 1,241. 

shaft, centrifugal! Curtis. 1.234. 

throttUng, ills., 1,227, 1.22g. 
Hero's, ills., 1.207. 
highpresiurE, 1.236, 1,263. 
horiiontal, ills., 1,259. 
impulse. 1.203. 1.207, 1.222. 

compound, 1.212, 1,220. 

ducription, 1.206-1.209. 

multi-stage, 1.215-1,222. 1.2C0. 

simpli, ills., 1.210, 1,211, 1.265. 
multi-sUge, 1.213, 1.215.1.220. 
low preuure. 1,236. 1,238, 1,23S. 
lubrication ayatern, 1,252. 
miied pressure. 1.236, I.23S. 
mulli-nagi, I.2I5, 1,220. 

bearings, ills., 1.222. 

comaound, 1,220, 1.222,1.250. 

DeLaval, ills., 1,213, 1,224. 

Knpu™.''l .215-1 ,222, 1,250. 
packing, ills., 1,221. 
ample, 1,215-1.220. 
noiilea.Tlb., 1.202-1,206, 1,217. 

ones^,' ill^'i.s'ao. ' 

operation, ills., 1,201, 1,202. 1,253, 

1.260, 1.266. 
Panons. 1,223, 1.22S. 1.237, 1.241, 

1,242, 1,260, 1,261. 
■1, 1,248. 



M^ncjples, 



1.201. 
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°£iz^Cim. ' 












'S'«t«.. 
















«(«■«««( 1. Buthor-S.an >nA 8x6 ram- 
pound engine tor, ilia.. 1,072. 

















Stuffingboi, 1,157, 1.255, 
Sturtevant pressure lubrication, ills., 1,139. 
Surface condenser, starting with, l,i«, 
Sweeney valve gear, 1 .062. 



, parts, ills., 1,273, 1.206. 



TampUts, — CoKliiititd 

founda^, ills.. 



catoT diag., 1.2SS, 1,20S, 



Tram, measuring shaft right, 1,182. 
Tiammel, ills., 1,107. 
Toolfi), kit, ills., I.lOl. 
packing, ills., 1,170. 
tin, Uaiat, ills., 1 .1B7. 
«n«nch, ilU., I.ISB. 
" iier, ills., 1,178. 
1, ilfc.,1,174-1,178, 1,186,1,180. 
..^...^.., motion, locomotive, 053. 
pimtt, belt, iUa.,.1,153. 

line ahaftina, 1,171.* 
quill drive, ills., 1.107. 
ill inditstor, ills.. 1.273, 1.276, 1,277, 



ne, indicating, 1.309, 



designing. 1,070. 



u 



INDEX OF GUIDE No. 



lubls cut off, locomotivg, ills., 9C3. 

valve. Huine Iron Worki, ilia., 1 
. _aelain locomotive, alesm diw., SSS. 
VeniierKale, ilk., 1.303. 
Tertickl, boiler, mirine, illc., 1,073. 

eoeautt, 1,016, 1.06S. 



w 



louble Kated, iUa., 1.060. 

D, itte., 1.141). 

nng, iDcomotive, aSS, 1.034. 



nch;S,Ull.,l,IT4-1.17k 



BBttine, 1,063,1.181. 
■lide. loGomotive, Q79. 
Mutiny loeomotive. ills., 9SS. 
(ton iniael engiae, 1,059. 
Mop. 1.101, ijei. 

throttle, ass, 078. 975, 1 ,230. 
nnbalanced, elide, 1.060. 
vuiium, 1.22Q. 
variable cut oS. ilU., I.OSl. 
■ ler, I,U7. 



r'j,3MaodgXSfareimd 

r/, ills!, 1,072. 
single acting, jackett^ 
!»ion7ill»^ 1,078. 
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